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Section I 

DESCRIPTION AND MAINTENANCE OF MILLING 

MACHINES 

Paragraph 

Seneral 1 

Types of milling machines 2 

nstallation and maintenance 3 

dining machine accessories and attachments 4 

1. General. — The milling machine removes metal by means of a 
revolving cutting tool called a milling cutter. With the aid of various 
ittachments, it may be used for boring, broaching, circular milling, 
lividing, drilling; the cutting of key ways, racks, and gears; and the 
fluting of taps and reamers. 

2. Types of milling machines. — Milling machines may be di- 
vided into four general classes, each of which is particularly adapted 
x> certain types of work. 

a. Column and knee milling machines. — This class of machine has 
i saddle on which the work table rests. The saddle is supported on 
i knee that may be moved vertically or clamped rigidly to the column. 
The following machines are of a type which would place them in this 
tfass : 

(1) The universal milling machine (fig. 1) is so arranged that the 

•This manual supersedes TM 1-421, July 12, 1941. 
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adjustment and movement of the knee, saddle, and work table may 
be accomplished either by hand or power. A distinguishing feature 
of this machine lies in the fact that it is possible to swivel the work 
table on the saddle with respect to the spindle axis. With the 
numerous attachments that are made for the universal milling 
machine, a great variety of operations may be performed, 

(2) Plain milling machine is similar to the universal type in many 
respects, the principal difference being that it does not have the swivel 
table. 




1. Starting lever. 9. Saddle clamp lever. 16. Directional table lever. 

2. Over-arm clamps. 10. Knee to column clamp 17. Universal chuck* 

3. Arbor supports. lever. 18, Directional cross? -feed 

4. Speed range change lever. 11. Footstock. lever. 

5. Speed change lever. 12. Center rest. 19. Directional vertical feed 

6. Speed change selection 13. Gears for helical milling. lever. 

lever. 14. Index head. 20. Cross hand wheel. 

7. Table longitudinal crank. 15. Adjustable table trip 21. Vertical hand crank. 

8. Table clamp lever. dogs. 22. Feed change lever. 

Figure 1, — Universal milling machine, 
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(3) Automatic or cycle milling machine is an adaptation of the 
plain milling machine. The distinguishing characteristic, as com- 
pared to the plain milling machine, is the automatic control of the 
spindle and feed motions by means of adjustable dogs. 

(4) Vertical spindle type milling machine (fig. 2) has the spindle 
in a vertical position and is similar in construction and operation to 
the plain milling machine. Due to the fact that the cutter and the 
surface being cut may readily be observed; end milling and face 
milling operations are more easily accomplished on this type of 
machine. 

b. Manufacturing or bed type milling machine. — This type of ma- 
chine is used for production work and is so constructed that the spin- 
dle head may be adjusted vertically to bring the cutter to the proper 
position for the work. In some designs, the machine is automatic 
in its action after the work has once been set up. 

c. Planer type milling machine. — This machine is similar in appear- 
ance to a double housing planer. The work is carried on a long 
table between housings, in the same manner as on a planer table. The 
planer type milling machine may have one or more cutter heads that 
can be adjusted either on the cross rail or housing uprights. These 
machines are used principally in the production manufacturing of 
large work. 

d. Milling machines for special operations. — Machines in this class 
are used principally for such work as bolt heading, gear cutting, 
thread milling, and profiling. Profiling machines are similar to ver- 
tical spindle milling machines except for the guide mechanism which 
may be used to cause the cutter to duplicate a predetermined outline 
or profile. These machines are used in manufacturing compound 
dies, molds, and other objects in duplicate. 

3. Installation and maintenance. — a. Milling machines should 
be located in a position which will allow the operator to have plenty 
of natural light. The floor or base should be solid concrete 6 inches 
or more in thickness. Accurate leveling of the machine may be ac- 
complished either by driving wedges under the four corners of the 
base or by building up under the corners with shim stock. Additional 
wedges or shims should be placed under the base at various points 
to evenly support the weight of the machine. After leveling, the 
machine must be rigidly fastened to the floor by means of lag screws 
and shields. Another method of securing the lag screws to the floor 
is to place them in position in drilled holes and pour molten lead 
around them. To determine whether alinement has been maintained 
during the fastening down process, the machine should be given a 
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precision level check. Good practice requires additional leveling 
checks every few months to insure accuracy in the operation of the 
machine. 




1. Base. 7. 

2. Column. 8. 

3. Table. 9. 

4. Vertical drive pulley. 10. 

5. Motor. 11. 

6. Stop dogs. 



Horizontal feed lever. 
Vertical screw. 
Vertical feed hand wheel. 
Cross feed hand wheel- 
Horizontal feed hand 
wheel. 



12. Circular table feed hand 

wheel. 

13. Circular table. 

14. Chuck. 

15. Spindle. 

16. Spindle hand feed lever. 



Figure 2. — Vertical spindle milling machine. 
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b. Before starting the milling machine, all movable parts must be 
properly adjusted, oiled, and cleaned. A beginner should start a mill- 
ing machine at a low speed and carefully observe all moving parts 
to determine the proper operation of the control handles, stops, feeds, 
and speed mechanisms before attempting actual operation. 

c. Continuously accurate work may be assured by a periodic check 
on the adjustment and alinement of the machine, 

(1) End play of the spindle may be detected by placing a dial indi- 
cator against the spindle face and moving the spindle back and forth 



along its axis, observing the indicator reading. When play is found, 
it may be eliminated by tightening the spindle thrust nut as shown 
in figure 3. 

(2) Looseness of the spindle bearings may be observed by chucking 
a rod in the milling machine spindle chuck and using it as a lever to 
move the spindle at 90° to its axis. Manufacturers have incorporated 
various devices such as tapered and split shell bearings, which allow 
adjustment of bearing looseness. 



SPINDLE BEARINGS 




i — THRUST ADJUSTMENT 

(D Spindle mounted in roller bearings. 

SPINDLE BUSHINGS 




® Spindle mounted in bushings. 



Figure 3. — Spindle thrust nut adjustment. 
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(3) Accuracy of the spindle may be checked as shown in figure 4. 
This check is accomplished by placing a test bar in the tapered spindle 
hole and clamping an indicator on the milling machine table with 
the indicator contact point touching the test bar. The spindle may 




Figure 4. — Method of checking accuracy of spindle rotation. 



then be rotated while the table is moved along the axis of the spindle 
and any inaccuracy observed. Should the observation disclose a 
deviation from concentricity, the spindle hole must be reamed. 

(4) Accuracy and alinement of the table, knee, and column surfaces 
may be checked by placing a test bar in the milling machine spindle 




Figure 5. — Method of checking accuracy of table alinement. 

and attaching the dial indicator as shown in figure 5. With the 
indicator contact point touching it, the table may then be moved 
both parallel, and at 90° to the axis of the spindle, so that any 
variation will be shown on the indicator dial. This test should be 
carried out with the table set at various heights to determine any 
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deviation from vertical in the column. If the test indicates improper 
alinement, the trouble may be corrected by adjusting the gibs of the 




machine, rescraping the bearing surfaces of the table knee or column, 
or refinishing the work table top. 
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4. Milling machine accessories and attachments, — a. The fol- 
lowing items are known as accessories or standard equipment and are 
Usually furnished with the milling machine. 

(1) Index centers. — The index centers (fig. 6) consist of an index 
head and footstock and are used to move work a definite amount 




1. Index head. 

2. Gear selection for driving index head spindle. 

3. Footstock, 

Figure 7. — Universal index head. 

about its axis, as from one tooth space to another on a gear. The 
universal index head (fig. 7) is similar to the index head described 
above. The chief difference lies in the fact that provision is made to 
allow its spindle to be power driven for the cutting of helixes. 

(2) Vise. — Either a plain or swivel type vise is furnished with 
each milling machine. The plain vise (fig. 8) is used for milling 
straight work and is bolted to the milling machine table at right 
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angles or parallel to the machine arbor. The swivel vise (fig. 9) is 
graduated in degrees around its base, which makes it convenient for 
milling work at any angle on a horizontal plane. The universal vise 
(fig. 10) which may be obtained as extra equipment, is designed so 
that it can be set at both horizontal and vertical angles. This type 
of vise may be used for all classes of flat and angular milling. 

(3) Center rest. — The center rest (fig. 1) is similar to a screw 




Figure 8. ; — Plain vise. 



jack and is used to support work that might spring away from the* 
cutter. 

(4) Coolant drip eon. — The coolant drip can is used to lubricate 
the work and the cutter. The can and drip tubes have flexible joints 
so that the lubricant may be directed to the required point. A typical 
installation of this device is shown in figure 71. 

(5) Wrenches. — These are ordinarily of the open end or socket 
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type and are used on the various size bolts and nuts of the machine. 
Each wrench is designed for a specific purpose and no other wrench 
should be used as a substitute, 

6. Attachments, unlike accessories, are not furnished with milling 
machines unless specifically ordered. However, at additional cost, 
manufacturers can supply almost any type of attachment desired for 




Figure 9. — Swivel vise. 

use with their machines. The more common attachments are listed 
below : 

(1) High speed milling attachment (fig. 11). — The rate of spindle 
speed of the milling machine may be increased from iy 2 to 6 times 
by the use of the high speed milling attachment. This attachment 
is essential when using cutters, mills, and drills which must be driven 
at a high rate of speed in order to obtain an efficient surface foot 

r^rtj^o * Original from 

Digitized by ^OOgie UNIVERSITY OF CALIFORNIA 



TM 1-421 

MILLING MACHINES, SHAPERS, AND PLANERS 4 



speed. It is clamped to the column of the machine and is driven by 
a set of gears from the milling machine spindle. 

(2) Universal milling attachment (fig. 12). — This device is one of 
the most useful attachments of the universal milling machine. Its 
head can be set at any angle, making it possible to mill a helix of 
any angle on a horizontal or vertical plane, It can also be used for 
milling racks, gears, and similar work. When installed, it is clamped 
to the column and supported by the arm. 




Figure 10, — Universal vise. 

(3) Vertical spindle attachment (fig, 13). — This attachment con- 
verts the horizontal spindle to a vertical spindle. It is clamped to 
the column and driven from the horizontal spindle. It incorporates 
provisions for setting the head at any angle, from the vertical to the 
horizontal, in a plane at right angles to the machine spindle. End 
milling and face milling operations are more easily accomplished 
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with this attachment, due to the fact that the cutter and the surface 
being cut are in plain view. 

(4) Circular milling attachment. — This attachment, as shown in 
figure 12, may be either hand or power driven. It is bolted to the 
milling machine table and, if power driven, is connected to the table 
drive shaft. It may be used for milling circles, arcs, segments, and 
circular slots, as well as for slotting internal and external gears. 
The table of the attachment is divided into degrees. 





Figuhb 11. — Milling a keyseat using the universal high speed milling attachment. 

(5) Cam milling attachment. — This attachment is used for cut- 
ting drum, face, cylindrical, or peripheral cams, and employs a mas- 
ter cam as a guide in producing the required profile. During the 
operation, the milling machine table remains fixed and the longi- 
tudinal and rotary movements of the work are executed within the 
attachment. 
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(6) Slotting attachment (fig. 14). — This attachment may be used 
in place of a slotting or key seating machine. It changes the mill 
from a machine with a revolving cutter to one in which the tool has a 
reciprocating motion. The slotting attachment is securely clamped 
to the column and driven from the milling machine spindle. This 
device incorporates provisions for setting the head at various angles 
and the stroke to different lengths. Internal keyways, splines, and 




1. Universal milling attachment. 

2. Circular milling attachment. 

Figure 12. — Typical set-up involving the use of a universal and circular milling attachment, 

gears can be cut with this attachment and typical operations involving 
its use are shown in figures 81 and 97. 

(7) Rack milling attachment (fig. 15). — The spindle of the rack 
milling attachment is located on a horizontal plane at 90° to the 
milling machine axis, making the machine convenient for cutting racks 
to any desired length. 
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(8) Offset boring head (fig. 16), — This attachment may be screwed 
onto the spindle or inserted into the spindle taper. It is designed to 
allow the tool to be set off center, making it convenient for many boring 
operations. 

(9) Raising block or right angle plate (fig. 17). — The raising block 
is used when it is required to locate the axis of the index head parallel 
to the milling machine spindle. 




Figure 13, — Vertical spindle milling attachment. 



(10) Tilting table (fig. 18). — The index centers, the vise, or the 
work can be mounted upon the tilting table when milling tapers. 

(11) Gear cutting attachment (fig. 19). — The gear cutting attach- 
ment is similar to the standard index head and f ootstock. It is so con- 
structed that large diameter gears may be cut on the milling machine, 
Standard index plates are adaptable for use with this attachment. 

(12) Coolant system. — The coolant system consists of a motor driven 
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centrifugal pump, piping, valves, flexible return pipe, coolant tank, 
and all necessary connections. The coolant system gives a greater 
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volume of lubricant than the drip can; therefore, higher speeds can 
be used and better finishes produced. 
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L Index head. 2. Raising block. 

Figure 17. — Typical application of raising block. 
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Section II 



MILLING MACHINE CUTTERS 

Paragraph 

Classification of cotters 5 

Types of cutters 6 

Selection of cutters 7 

Care and maintenance of cutters 8 

Methods of mounting cutters . 9 

Speeds, feeds, and cutting lubricants 10 

5. Classification of cutters. — Milling cutters may be classified 
according to the relief of the teeth, hand of rotation, or the method 
of mounting. 

-w 




W. Width of land. R. Relief. 

Figure 20. — Method of sharpening profile cutters. 

a. Milling cutters which are sharpened by grinding on the pe- 
riphery of the teeth and upon which relief is obtained by grinding a 
narrow land back of the cutting edge, as shown in figure 20, are pro- 
file cutters ; if they have cutting edges of irregular or curved shape 
and are sharpened in this manner, they are called shaped profile cut- 
terfc Cutters that have eccentric relief back of the cutting edge, that 
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is of the same contour as the cutting edge, are called form cutters. 
Figure 21 illustrates the correct method of sharpening this type of 
cutter. As long as the face is ground in the original plane, with 
respect to its axis, the tooth contour will remain unchanged. 

b. The hand of rotation refers to the direction in which the cut- 
ter rotates around its axis. This may be determined by looking at the 
cutter end of the spindle. If it is right hand, it should rotate counter- 




R. Eccentric relief. 
Figure 21. — Method of sharpening form cutters. 



clockwise and if left hand, it should rotate clockwise. Figure 22 
illustrates this method of determining rotation. 

0. Cutters are also classified according to methods of mounting. 
Arbor cutters (figs. 23, 24, 26, 28, and 30) are cutters with either a 
straight, tapered, or threaded hole for mounting upon an arbor. The 
most common type has a straight hole with a keyway through it or 
across one end. By means of a key inserted in this keyway, the cutter 
is prevented from turning on the arbor. Shank cutters (figs. 22, 31, 
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33 and 34) have straight or tapered shanks and are mounted in collets 
or adapters. Facing cutters (figs. 10 and 320) are attached to either 
a stub arbor or directly to the milling machine spindle. 

6. Types of cutters- — Milling cutters are generally made from 
carbon steel, high speed steel, Stellite, or cemented carbide. The types 





® Right-hand cutter. 






— 1 











© Left-hand cutter. 
Figure 22. — Method of determining hand of rotation. 



of cutters most generally used, and the operation to which they are 
best suited, are given below : 

a. The plain milling cutter (fig. 23<T)) is used for milling flat sur- 
faces that are parallel to the cutter's axis. This cutter is a cylinder 
with teeth cut upon its circumferential surface only. Plain milling 





© Plain milling cutter with helical teeth. ® Helical cutter with nicked teeth. 

Figure 23. — Plain milling cutters. 

cutters are made in a variety of diameters and widths. Although plain 
cutter teeth may be either straight or helical, the latter type are gen- 
erally used when the cutter is more than %-inch wide. A cutter tooth 
that is straight or parallel to its axis will cut along its entire width 
at the same time, causing a shock as the tooth starts to cut. It is to 
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eliminate this shock and produce a freer cutting action that cutters 
are manufactured with helical teeth. The helical formed tooth, being 
at an angle, begins the cut at one side and continues across the work 
with a smooth shaving action. 

(1) Plain milling cutters are generally made with radial teeth; 
however, coarse tooth helical cutters which have the tooth faces una 
der-cut to produce a smoother cutting action are also manufactured 
The coarse tooth decreases the tendency for the arbor to spring aw 
gives more chip room, as well as allowing the cutter to have greate 
strength. 

(2) Plain milling cutters for heavy cutting are manufactured witi 
helical teeth that are nicked as shown in figure 23®. These nick 
are so staggered that a cutting edge will be behind each nick. Tb 
nicked tooth, instead of cutting one continuous shaving, breaks u 
the chips into a number of separate pieces, one being made by eac 
cutting edge. ■ 



(3) Plain milling cutters are made with a standard size arbor hole 
so that they may be interchangeably mounted on the milling machine 
arbor. 

b. The side milling cutter (fig. 24), is a plain milling cutter of 
cylindrical form with teeth on the circumferential surface and on 
the sides. The sides of the cutter are recessed between the hub and 
the inner ends of the teeth so that they may clear the work. 

(1) Two or more side milling cutters, as shown in figure 25, may 
be placed on an arbor with a spacing washer between them so as to 
mill both ends of work to a given dimension. This operation is known 
as straddle milling. 

(2) When milling slots to an exact width, interlocking or staggered 
tooth side milling cutters, such as shown in figure 26, may be used. 
Cutters of this type have interlocking teeth so that they may be 
placed side by side and used as a single cutter. A definite width can 
be maintained by inserting thin spacers between the two cutters. The 




Figure 24. — Side milling cutter. 
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staggered tooth cutter is the most efficient type for milling slots where 
the depth exceeds the width. 

(3) The term "gang cutters" refers to two or more milling cutters 
mounted on the same arbor, as shown in figure 27, for the purpose 




r 



Figure 25, — Typical straddle milling operation. 

of milling broad surfaces of regular and irregular form. The cutters 
used for this purpose should have interlocking or overlapping teeth, 
so that the proper spacing may be obtained. 



T. n | 25 

Digitized by Vj-UUgU. UNIVERSITY OF CALIFORNIA 



TM 1-421 
8 



ARMY AIR FORCES 



c. Metal slitting saws (fig. 28) are similar to plain milling cutters 
and are usually less than % 6 inch in face width. In general, these 
cutters have more teeth for a given diameter than plain milling cutters. 





® Interlocking type. 



® Staggered tooth type. 



Figure 26, — Slotting cutters. 




Figure 27. — Typical application of gang milling cutters. 
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Slitting saws are ground slightly thinner at the center for clearance, 
so that the cutter will not bind when deep slots are cut. They are 
used to cut off work or to mill very narrow slots. Slitting saws are 
also made with side teeth, as shown in figure 28(5). 

(1) For heavy sawing in steel, metal slitting saws with staggered 
teeth, such as shown in figure 28®, are generally used. Cutters of 
this type are usually from % 6 to % inch thick. 

(2) Screw slotting cutters, as shown in figure 29, are used to cut 
shallow slots such as those in screw heads. These cutters have com- 
paratively fine teeth on their circumferential surface and are made in 
various thicknesses corresponding to American Standard Gage 
numbers. 

d. When designating plain or side milling cutters, and metal slitting 
saws, the type and style of tooth, face width, size of hole and diameter 






® Plain cutter. 



© Staggered tooth cutter. ® Slitting saw with side teeth. 
Figure 28. — Metal slitting saws. 



should be given. An example of these specifications would be : plain 
milling cutter, helical tooth, 6-inch face width, 4-inch diameter, and 
1-inch hole. 

k e. Angular cutters are used for cutting surfaces that are not parallel 
pr that are not at right angles to the cutter axis. The single angle 
putters are manufactured with straight keyed holes for plain arbor 
mounting or threaded for mounting on screw arbors. The "screw 
on" type of angular cutter is used to eliminate arbor interference on 
such work as the cutting of dovetails. When specifying angular cut- 
ters, the type, hand of cutter, outside diameter, thickness, hole size, 
and angle of cutter should be given. Angular cutters are of two 
types — single or double. 

(1) Single angle cutters (fig. 30®) have teeth forming an oblique 
angle with one side at 90° to the cutter axis and the other usually 
45°, 50°, 60°, 70°, or 80°. Cutters of this type are manufactured for 
both right- and left-hand rotation and are used for milling the edges 
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or sides of work to a required angle, or for cutting teeth in milling 
cutters, clutches, and countersinks, 

(2) Double angle cutters (fig, 30©) have two cutting faces which 
are at an angle to the cutter axis. When both faces are inclined 
at the same angle to the axis, the cutter is specified by the included 
angle and when the faces are at different angles by the angle of each 
side with respect to the plane of intersection. For example, the cut- 




Figure 29. — Application of the screw slotting cutter. 



ters used for cutting spiral mills are made with a 12° angle on one 
side and a 40°, 48°, or 53° angle on the other. 

(3) Fluting cutters are double angular form tooth cutters with 
the points of the teeth well rounded. They are generally used for mill- 
ing the flutes in taps and reamers as shown in figure 71. The fluting 
cutters are marked with the range of diameters of the taps and 
reamers for which they should be used. 
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© Center cut-out. 





® Fish tail. 





® Hollow. ® Shell. 

Figure 31 —End mills, 
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/. End mills are employed in the production of slots, squares, and 
tangs, and may also be used for milling the edges of work. They 
have teeth on one end, as well as on the circumferential surface. End 
mills are manufactured with straight or helical teeth and for either 
right- or- left-hand rotation ; the commonly used types are illustrated 
in figure 31. 




® Face milling cutter. ® Side milling cutter. 

Figubb 32* — Inserted tooth milling cutters. 




Figure 33. — T-slot cutter. 




Figure 34. — Woodruff keyseat cutter. 



(1) Center cut-out end mills (fig. 31®) are used to cut into the 
work to a depth equal to the length of the end teeth. The use of 
this type of cutter dispenses with the necessity of drilling a hole 
as must be done when the inner sides of the teeth are not relieved. 

(2) Two-lipped end mills (figs, 31®) are especially adaptable for 
the rapid milling of slots, as this tool does not necessitate the drilling 
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of a starting hole. A high surface speed is necessary to secure the 
best results with this cutter, 

(3) Fish tail cutters (fig. 31®) are generally used for milling 
grooves in shafts where the groove does not exceed y± inch in width. 
When using this type of cutter the machine should be set for a fine 
feed and light cut. 



(4) Hollow mills (fig. 31®) are cutters of tubular construction, 
having teeth on one end, which are ground with internal clearance. 
This type of cutter is generally used for producing bosses or cy- 
lindrical projections on solid stock. 



(5) Shell type end mills (fig. 31®) are shouldered at the front 
for the head of the screw which fastens them to the arbor. A slot 
on the back of the cutter engages a driving key which prevents the 
cutter from turning on its mounting. This cutter is cheaper to 




Figure) 35.— Involute gear cutter. 




CUTTER 



Figure 36. — Multiple gear cutter. 
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replace than other types and, therefore, should be used whenever 
possible. 

(6) Face milling cutters (figs, 10 and 32®) are cutters that are 
attached directly to the milling machine spindle or stub arbor. They 
have inserted teeth of high speed steel, Stellite, or steel tipped with 
cemented carbide. The teeth are usually held in place by taper bush- 
ings and screws and can be easily adjusted or removed. 

g. The T-slot cutter (fig. 33) is similar in form to the side milling 
cutter, having teeth on the circumferential surface and on both sides, j 
It is made with a solid taper shank and is provided with few teeth, j 
so as to leave plenty of chip room. The teeth are generally stag- j 
gered so that each tooth cuts with one side only. T-slot cutters are 
used for milling slots to receive bolt heads and are made in standard 
dimensions to suit bolts of various sizes. In cutting a T-slot, a plain 



groove is generally milled slightly undersize with a two-lipped end 
mill or side milling cutter, and the wide groove at the bottom is 
then machined with the T-slot cutter. 

h. Woodruff keyseat cutters (fig. 34) are made in both the shank 
and arbor types. Those under V/ 2 inches in diameter are provided 
with a shank and have teeth on the circumferential surface, with their 
sides ground slightly concave for clearance. Cutters, larger than iy 2 
inches in diameter, are usually of the arbor type. These larger cut- 
ters ordinarily have staggered teeth on the circumferential surface 
and on the sides. The side teeth are ground for clearance and not 
for cutting. Both types are used for cutting semicylindrical keyways 
in shafts. 

i. Gear cutters (fig. 35) are form cutters used for milling gear 
tooth spaces. They are manufactured for either the involute or epi- 
cycloidal type of tooth. The Brown and Sharpe involute cutter 
system involves the use of eight cutters, numbering from 1 to 8, which 
will accommodate each of the various pitches. The epicycloidal type 
cutter has a double curve form of tooth and due to the exact center 
distance required, is made with a small shoulder which limits the 
depth that the gear tooth can be cut. 




Figure 37. — Gear cutter stocking. 
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(1) The multiple gear cutter (fig. 36) may be a single unit 
form cutter or two or more form cutters, placed together and used 
to mill two or more gear tooth spaces during one pass. 

(2) The gear cutter stocking (fig. 37) is a form cutter, the teeth 
of which are provided with staggered grooves. Due to the chip- 



breaking action of these grooved teeth, heavy cuts can be taken at 
fast speeds and feeds. These grooves are staggered in such a manner 
is to produce a smooth finish. 

(3) Stub gear cutters are used for cutting stub toothed gears 
which are thicker and not so deep as the involute tooth gear. 

(4) Bevel gear cutters are used for cutting the gear spaces on 
bevel gears and pinions, their size being designated by the diametral 
pitch. 

444660°— 42 3 33 






Figure 38. — Typical concave and convex cutters. 
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j. Concave and convex cutters (fig. 38) are used to cut convex and 
concave surfaces or contours equal to a half circle or less. Their 
size is specified by the diameter of their circular form. 




Figure 39. — Corner rounding cutter. 



h. Corner rounding cutters (fig. 39) are formed cutters used for 
milling rounded corners on work up to and including one quarter 
of a circle. 




Figure 40. — Sprocket wheel cutter. 



I. Sprocket wheel cutters (fig. 40) are used for milling teeth on 
sprocket wheels. Like other formed cutters, their outline is not 
changed by grinding. 




Figure 41. — Gear hob. 



m. The gear hob (fig. 41) is a formed milling cutter with helical 
teeth arranged like the thread on a screw. These teeth are fluted 
to produce the required cutting edges. Hobs are generally used for 
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such work as finishing spur gears, spiral gears, worm wheels, etc., 
and may also be employed for cutting ratchets and spline shafts. 

n. The fly cutter is a special cutter that may be used on work where 
a standard cutter is not available. As shown in figure 91, the cutter 
is securely held in an arbor which is driven by the milling machine 
spindle. The fly cutter may be ground to any desired shape and is 
used as a revolving cutter, by feeding the work slowly into it, or as 
a stationary cutter for finish-scraping work which is fed past it. 

o. Inserted tooth cutters, such as those illustrated in figure 32, 
have inserted cutting teeth of high speed steel, Stellite, or carbide 
tipped steel, secured by various methods, in a body of less expensive 
material. This feature allows tooth replacement and therefore re- 
duces the cost of upkeep. These cutters are usually made to cut 
on both the circumferential surface and side as in the case of the 
side mill. Inserted tooth cutters may be applied to an arbor or 
attached directly to the milling machine spindle end. 

7. Selection of cutters. — Factors to be considered in the choice of 
milling cutters are as follows : 

a. Type of machine to be used. — High speed steel, Stellite, and 
cemented carbide cutters have the distinct advantage of being capa- 
ble of rapid production when used on a machine which can reach the 
proper speed. 

b. Method of holding the work. — For example, 90° angular cuts 
may either be made with a 90° angular cutter, while the work is held 
in a plain vise, or with an end mill, while the work is set at the re- 
quired angle in a universal vise. 

c. Hardness of the material to be out. — The harder the material, 
the greater the heat that is generated in cutting. Cutters should be 
selected for their heat resisting properties. 

d. Amount of material to be removed. — A coarse-toothed cutter 
should be used for roughing cuts, whereas an ordinary spiral milling 
cutter may be used for light cuts and finishing operations. 

e. Number of pieces to be cut. — For example, when milling stock 
to length, the choice of using either a pair of straddle mills or a side 
or end mill will depend upon the number of pieces to be cut. 

/. Glass of work being done. — Some operations can be accomplished 
with more than one type of cutter, for example, milling the square 
end on a shaft or reamer shank. In this case a side milling cutter, 
straddle mill, or an end mill may be used. However, for the majority 
of work, cutters are especially designed and named for the operation 
they are to accomplish. 

g. Rigidity and size of the work. — The cutter used should be small 
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enough in diameter so that the pressure of the cut will not cause tho 
work to be sprung or displaced while being milled. 

h. In selecting a cutter for a particular job, it should be remem- 
bered that a small diameter cutter will pass over a surface in a shorter 
time than a large diameter cutter fed at the same speed. This fact is 
illustrated in figure 42. 

8. Care and maintenance of cutters. — The life of a milling cut- 
ter can be greatly prolonged by intelligent use and proper storage. 
General rules for the care and maintenance of milling cutters are 
given below. 

a. New cutters received from the manufacturer are usually wrapped 
in oil paper which should not be removed until the cutter is used. 



LARGE DIAMETER 
CUTTER- 



AMOUNT OF TRAVEL USING A 
LARGE DIAMETER CUTTER 



AMOUNT OF TRAVEL USING A 
1 SMALL DIAMETER CUTTER 




SMALL DIAMETER 
CUTTER 

Figure 42. — Method of selecting cutter diameter. 

b. Care should be taken to operate the machine at the proper speed 
for the cutter being used, as excessive speed causes the cutter to wear 
rapidly from overheating. 

c. Whenever it is practicable, the proper lubricant should be used 
on the cutter during operation, as lubrication helps prevent overheating 
and consequent cutter wear. 

d. Cutters should be kept sharp, as dull cutters require more power 
to drive, and this power being transformed into heat softens the cut- 
ting edges. Dull cutters should be marked as such and set aside for 
grinding. 

e. A cutter should never be operated backward because, due to 
the clearance angle, the cutter will rub, producing a great deal of 
frictional heat. 
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/. Care should be taken to prevent the cutter from striking the hard 
jaws of the vise, chuck, clamping bolts, or nuts. 

g. A cutter should be thoroughly cleaned and lightly coated with 
oil before storing. 

h. Cutters should be placed in drawers or bins in such a manner 
that their cutting edges will not strike each other. Small cutters that 
have a hole in the center should be hung on hooks or pegs, while large 
cutters should be set on end. Taper and straight shank cutters may be 
placed in separate drawers, bins, or racks provided with suitable sized 
holes to receive the shank. 




® Milling Machine Standard taper. 




© Brown and Sharpe taper. 




® Taper with tang drive. 
Figure 43. — Tapers used on milling machine arbors. 

9. Methods of mounting cutters. — Cutters may be mounted di- 
rectly to the milling machine spindle or attached to it by means of 
various devices such as arbors, adapters, collets and spring chucks. 

a. Arbor mounting. — There are several types of cutter arbors in 
general use, each being particularly adapted to certain operations. 

(1) These arbors may have any one of the three tapers shown in 
figure 43. 
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(a) The Milling Machine Standard taper (fig. 43©) is generally 
used on recently manufactured equipment and was originated by mill- 
ing machine manufacturers to facilitate removal of the arbor from 
the spindle, 

(b) The Brown and Sharpe taper (fig* 43®) is found mainly on 
older machines and may be any of several sizes. Should it be necessary 
to use this type of taper on a machine whose spindle has a Milling 
Machine Standard taper, an adapter or collet will be required. 

(c) The taper shown in figure 43® is also used to a certain extent 
on older machines and is provided with a tang on the shank which 
assists in driving by engaging a slot in the spindle. 

(2) The Milling Machine Standard and Brown and Sharpe 
tapered arbors are usually driven by means of the taper, supple- 




Figure 44. — Key arrangement for driving arbors. 

mented by a key arrangement, shown in figure 44. This key device 
is manufactured as a part of the arbor and milling machine spindle. 
The arbors are held in the milling machine by a draw-in bolt, such 
as illustrated in figure 45, which traverses the length of the spindle 

and has a threaded portion that fits into the small end of the arbor's 
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tapered shank. To remove an arbor held in this way, it is necessary 
to loosen the draw-in nut a part of a turn and tap the head of the bolt 
lightly. An arbor, having the tanged shank, is applied to the spindle 
by placing the tang into the spindle slot, and drawing it up tightly 
with the draw-in bolt. Removal of this type of arbor is accomplished 
in the same manner as described for the keyed types. 











- * 

n 


1 


< 









■Eli 



Figure 45. — Draw-in bolt. 



(3) The various types of arbors may be described as follows : 
(a) The Standard Milling Machine arbor, with the exception of 
the tapered or drive end that is inserted into the spindle, is of 



ARBOR 
SUPPORTS, 



ORAW-IN BOLT 




ARBOR NUT 



SLEEVES' 

® Support by means of bearings. 




CENTER 

® Support by means of center and bearings* 




BEARING' 

<D Support of arbor with undercut end. 

Figubb 46. — Methods of supporting straight arbors. 

straight cylindrical shape, having a threaded portion on the end 
opposite the taper to receive the arbor nut. One or more cutters 
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may be spaced and clamped on the straight cylindrical portion of 
the arbor by means of sleeves and the arbor nut. Arbors of this 
type, as illustrated in figure 46, are made in standard diameters and 
of various lengths. The Standard arbor is usually splined for keys 
to give a more positive drive to the cutter. Sleeves or collars, as 
shown in the illustration, are used in connection with the arbor for 
holding the cutter in place, and are made of steel, hardened and 
ground to size. Sleeves of various lengths and diameters are sup- 
plied to fit the arbor on which they are to be used. Thin metal 
spacers are occasionally used with the larger sleeves when it is nec- 
essary to place more than one cutter on the arbor. The thicknesses 
of these thin spacers vary from 0.002" to 0.0625". 





® Screw slotting arbor. 



® Shell end mW arbor. 




® Tanged screw arbor. ® Cam lock screw arbor. 

Figure 47. — Special arbors. 

* (b) Arbors for holding shell end and face milling cutters are 
those on which the cutter is held by a screw at the end of the arbor 
and driven by a tongue that fits into a radial slot at the back of the 
cutter. This arbor, as illustrated in figure 47®, is inserted into the 
milling machine spindle and held by the taper and draw-in bolt. 

(c) The fly cutter arbor is made in various shapes to accommodate 
the size and shape of the cutter to be used. An application of this 
type of arbor is shown in figure 91. 

(d) The screw slotting cutter arbor (fig. 47(1)) is a short arbor 
having two flanges between which the cutter is secured by tightening 
the clamping nut. This arbor is manufactured to hold cutters used 
for slotting and sawing purposes. 

(e) Screw arbors are used to hold small cutters that have threaded 
holes. These arbors, which are illustrated in figure 47(5) and ®, have 
a flanged and threaded end. A right-hand threaded arbor must be 
used for right-hand cutters while a left-hand threaded arbor must 
be used for left-hand cutters. 
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(4) The arbor support (fig. 46®) should be used to prevent spring- 
ing when the cutter is mounted on a long arbor, although one is not 
required with the short arbors that place the cutter near the column 
of the machine. The support is fastened to the overarm of the milling 
machine and should be located as close to the cutter as possible. At- 
tachment is made to the arbor in one or more of the following ways : 

(a) By the use of a bearing on the arbor. As shown in figure 46®, 
this bearing forms a journal that fits into a bushing in the arbor 
support. 

(b) When it is not practicable to use the above method, the arbor 
may be supported by means of an arbor support, which has a 60° 
point that can be inserted in the center hole of the arbor, as shown 
in figure 46®. 

(c) Some types of arbors have a bearing surface cut on the end 
opposite the tapered shank. This bearing surface fits into a bearing 
in the arbor support, as shown in figure 46®. 

(5) The following procedure should be used to assure correct 
mounting of arbors and cutters : 

(a) The arbor hole and arbor shank should be thoroughly cleaned. 
If it is found that the arbor or spindle hole is burred or scored, it 
should be scraped, filed, or reamed to remove the burred or scored 
areas. 

(6) The taper shank of the arbor should then be inserted in the 
milling machine spindle and the arbor held in place by the taper 
and draw-in bolt. 

(c) The cutter and sleeves should be thoroughly cleaned before 
mounting upon the arbor. 

(d) The hole in the cutter and sleeves should provide a sliding fit 
on the arbor. 

(e) In order to obtain maximum efficiency in uperating the cutter, 
it should be mounted as nearly true as possible and as close to the 
column of the milling machine as the work will permit. Attention 
to this detail will help to eliminate spring in the arbor. 

(/) The cutter is placed in position on the arbor by means of 
sleeves of varying lengths. After positioning the cutter, the arbor 
nut should be drawn up by hand and the arbor support (if required) 
adjusted and locked in position. The arbor nut is then drawn up 
tightly with a wrench. Failure to use the arbor support while 
tightening or loosening the nut will spring the arbor out of alinement, 
making it useless. 

b. Adapters, collets, and spring chucks are generally used to drive 
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and hold end mills, drills, and chucks that have straight or tapered 
shanks. 

(1) Adapters are manufactured with both Milling Machine Stand- 
ard and Brown and Sharpe tapered shanks. These adapters are in- 
serted into the milling machine spindle and held in place with a 




® Cam lock cutter adapter. 





® Tanged cutter adapter, ® Straight sbank cutter adapter. 

Figure 48. — Spindle adapters. 

draw-in bolt. The cutter may be driven and held in the adapter in 
any of the following ways : 

(a) Cutters and arbors with tapered shanks featuring the cam 
lock arrangement are held in the cutter adapter as shown in figure 
48®. These adapters have the Milling Machine Standard taper hole, 

© Tanged type. ® Heavy duty type. 




© Plain type. 
Figubb 49. — Collets. 



and a cam lock is used to hold the cutter. A spring in the bottom of 
the tapered hole assists in removing the cutter from the adapter. 

(6) Arbors and cutters with taper shanks, other than those having 
the cam lock feature, are usually held in adapters of the type illus- 
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trated in figure 48(5). These adapters have a tapered hole to accom- 
modate one of the various tapers and are often used in combination 
with collets, 

(2) Collets serve the purpose of "stepping up" or increasing taper 
sizes. They are similar in most respects to drill press sockets, the 
difference lying in the fact that their tapers are unlike. Figure 49 
illustrates the various types in general use, 

(3) Spring chucks (fig. 50) generally consist of a collet adapter 
that is inserted into the milling machine spindle, a spring collet, 
and a clamping device. The collets are made to close concentrically 
by means of a draw-in rod or cap nut that forces the jaws against 



a tapered seat. Straight shank cutters may be held in spring chucks 
or in cutter adapters of the type illustrated in figure 48®. Adapt- 
ers for this purpose usually have some means, such as a set screw, 
to assist in driving the cutter. 

€. For more positive drive and easier removal, large face milling 
cutters are generally mounted directly upon the milling machine* 
spindle. ' 

(1) The method illustrated in figure 51 makes use of a flanged 
spindle end of a definite size, so that face milling cutters may be 
used on all sizes of milling machines. Hardened keys are arranged 
radially on the end of this flanged portion. The back of the cutter 
is counterbored to fit the flanged end of the spindle, providing a 
positive method of centering. Key ways are milled in the back of 
the cutter to fit over the keys on the end of the spindle, The cutter 




Figure 50. — Spring chucks. 
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is held to the flanged end of the spindle by means of four cap screws 
that are screwed into the milling machine spindle end. 

(2) Face milling cutters may also be held on cutter arbors of the 
type illustrated in figure 47(2). 

10. Speeds, feeds, and cutting lubricants. — Heat generated by 
friction between the cutter and the work may be regulated by the 
use of proper speed, feed, and cutting lubricant. This is extremely 
important as the cutter will be dulled or even rendered useless by 
overheating. 




Figure 51. — Face milling cutter mounting. 



a. Varying conditions encountered in milling machine work make 
it impossible to have fixed rules for cutting speeds* Generally speak- 
ing, a cutting speed should be selected that will give the best com- 
promise between the maximum production and the longest life of 
the cutter. Several factors determine the cutting speed in any opera- 
tion. These factors are — 

(1) Hardness of the material being cut. — The harder and tougher 
the metal, the slower should be the cutting speed, since the f rictional 
heat is greater with harder materials. 
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(2) Depth of cut and type of finish being produced. — These factors 
must be considered, as the amount of frictional heat generated is 
directly proportional to the amount of material being removed. 
Finishing cuts may often be made at a speed 40 to 80 percent higher 
than that used in roughing. 

(3) Gutter material. — High speed cutters due to their heat resistant 
properties may be operated at from 50 to 100 percent faster than 
carbon steel cutters. 

(4) Type of cutter teeth. — Cutters having undercut teeth cut more 
freely than those having a radial face; hence they may be run at 
higher speeds. 

(5) ^Sharpness of the cutter. — A sharp cutter may be operated at a 
much higher speed than a dull one. 

(6) Lubrication. — A plentiful supply of cutting lubricant on most 
materials will assist in cooling the cutter so that it will not overheat 
at relatively high speeds. 

b. The approximate values, given in table I, may be used as a guide 
in selecting the proper speed. If the operator finds that either the 
machine, the cutter, or the work cannot be suitably operated at these 
speeds, immediate readjustment should be made. 



Table I. — Surface cutting speed for carbon and hif,h speed steel cutters 



Material 


Carbon steel 
cutters (ft. 
per min.) 


High speed 
steel cutters 
(ft. per min.) 


Aluminum 


375 to 600 
80 to 100 
40 to 60 
30 to 40 
20 to 30 


400 to 1,000 
150 to 200 
80 to 100 
80 to 100 
60 to 80 




Low carbon steel 


Annealed tool steel 



(1) By referring to table II the cutter revolutions per minute 
may be determined for cutters varying in diameter from y± to 8 
inches. For example, when cutting with a 1-inch cutter and a 
surface speed of 80 feet per minute is required, the cutter revolutions 
per minute will be 306. 
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(2) Should no table of values be available, the proper revolutions 
per minute may be determined by means of the following formula: 

BPM- FPM 



Where: 0S * 18XD 

RPM ^revolutions per minute of the cutter. 
FPM= required surface speed in feet per minute (table I). 
D= diameter of cutter in inches. 
c. The rate of feed, or the speed at which the work passes the 
cutter, determines the time required for cutting a job. In selecting 
the feed, there are several factors which should be considered. These 
factors are discussed below: 

(1) Forces are exerted against the work, the cutter and their 
holding devices during the cutting process. The force exerted varies 
directly with the amount of metal removed and can be regulated by 
the feed and depth of cut. Therefore, the correct amount of feed 
and depth of cut are interrelated, and in turn are dependent upon 
the rigidity and power of the machine. Machines are limited by the 
power they can develop to turn the cutter, and the amount of 
vibration they can resist when using coarse feeds and deep cuts. 

(2) The feed and depth of cut also depend upon the type of cutter 
being used. For example, deep cuts or coarse feeds should not be 
attempted when using a small diameter end mill, as such an attempt 
would spring or break the cutter. Coarse cutters with strong cutting 
teeth can be fed at a faster rate of feed because the chips may be 
washed out more easily by the cutting lubricant. 

(3) Coarse feeds and deep cuts should not be used on a frail piece 
of work or on work mounted in such a way that its holding device 
is not able to prevent springing or bending. 

(4) The degree of finish desired regulates the amount of feed. 
When a coarse feed is used the metal is removed more rapidly but 
the appearance and the accuracy of the surface being cut may not 
reach the standard desired for the finished product. Because of this 
fact, finer feeds and increased speeds are used for finer, more accurate 
finishes, while for roughing it is good practice to use a comparatively 
low speed and a heavy feed. More mistakes are made on the side of 
overspeeding than on overfeeding. Overspeeding may be detected 
by the occurrence of a squeaking, scraping sound. If vibration (re- 
ferred to as "chattering") occurs in the milling machine during the 
cutting process, the speed should be reduced and the feed increased. 
Too much cutter clearance, poorly supported work, or a machine 
gear that is badly worn are common causes of "chattering." 
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d. The feed of the milling machine may be designated either in 
"inches per minute" or "thousandths of an inch per revolution of the 
spindle." 

(1) The "inches per minute" system is used in the newer machines, 
in which feed and spindle speed work independently of each other. 
Good finishes may usually be obtained with a feed of 4 to 6 inches per 
minute, while using a high speed cutter on steel. A good cutting 
compound should be employed in either case. 

(2) The "thousandths of an inch per revolution of spindle" system 
is used on the cone drive machines on which speed and feed are 
interdependent, and a change in speed causes a similar change in feed. 

e. In selecting the direction of cutter rotation and the direction of 
table travel, the usual practice is to cause the cutter to revolve against 
the advance of the table, as shown in figure 52®. Exceptions to this 
general practice are made in the milling of deep slots or in cutting 
off thin stock with a metal slitting cutter. In these exceptions, it is 
better to move the work with the cutter, as shown in figure 52®, 




® Opposite work movement (up method) . ® With work movement (down method). 
Figure 52. — Direction of cutter rotation. 

since there is less chance of producing crooked slots due to the cutter 
being crowded to one side. When the work is moving with the cutter, 
care must be taken to eliminate any looseness or lost motion in the 
table by setting the table gibs snugly. Failure to eliminate looseness, 
allows the cutter teeth to draw the work in, which may ruin both the 
work and the cutter. 

/. Gutting lubricants. — The major advantage of a cutting lubricant 
is that it reduces frictional heat, thereby giving longer life to the 
cutting edge. The lubricant also serves to lubricate the cutter face 
and to flush away the chips, consequently reducing the possibility of 
marring the finish. 
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(1) Commercial cutting compounds are widely used because of their 
effectiveness and the ease with which they may be mixed. If such a 
compound is not available, a good substitute may be made by thor- 
oughly mixing one ounce of sal soda and one quart of lard oil to one 
gallon of water. This emulsion is suitable for the machining of most 
metals. In the machining of aluminum, kerosene should be used as a 
cutting lubricant, while cast iron should be machined dry although 
a blast of compressed air may be used to cool the work and the cutter. 

(2) The lubricant should be directed, by means of the coolant drip 
can or pump system, to the point where the cutter strikes the work. 
Regardless of which method is used, the coolant should be allowed to 
flow freely on the work and cutter. 



Section III 
HOLDING AND INDEXING WORK 
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11. General. — a. An efficient and positive method of holding work 
on the milling machine is most important if the machine tool is to be 
used to its best advantage. Regardless of the method used in holding, 
there are certain factors that should be observed in every case. The 
work must not be sprung in clamping ; it must be secured to prevent it 
from springing or moving away from the cutter and it must be so 
alined that it may be correctly machined. 

b. Milling machine tables are provided with several T-slots which 
are used either for clamping and locating the work itself or for mount- 
ing the various holding devices and attachments. These T-slots extend 
the length of the table and are parallel to its line of travel. Most 
milling machine attachments, such as vises and index heads, have keys 
or tongues on the underside of their bases so that they may be located 
correctly in relation to the T-slots. 

12. Methods of holding work. — There are various methods of 
holding work, each being dependent upon the type of work and the 
operation to be performed. The commonly used methods are described 
in the following paragraphs : 

a. Clamping to the table. — When clamping work to the milling 
machine table, the table and work should be free from dirt and burs. 
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Work having smooth machined surfaces may be clamped directly 
to the table, provided the cutter does not come in contact with the 
table surface during the machining operation. When clamping work 
with unfinished surfaces in this way, the table face should be protected 
by pieces of soft metaL Clamps should be placed squarely across the 




CD 
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® © ® and ® Clamps. 





® Jack. 



® Step block. 




® Typical application of clamp. 
Figure 53. — Clamping devices. 



work in order to give a full bearing surface- These clamps are held 
by bolts inserted in the T-slots of the table. Clamping bolts should 
be placed as near the work as possible so that full advantage of 
the fulcrum principle may be obtained. When it is necessary to 
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place a clamp on an overhanging part, a support should be provided 
between the overhang and the table to prevent springing or possible 
breakage. A stop should be placed at the end of the work where 
it will receive the thrust of the cutter when heavy cuts are being 
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CORRECT INCORRECT 




CORRECT 



INCORRECT 




CORRECT INCORRECT 
Fioubb 54. — Correct and incorrect clamping procedure. 

taken. Figure 63 illustrates the various types of clamps in general 
use while figure 54 shows proper methods of application. 

b. Clamping work to the angle plate. — By clamping work to the 
angle plate, surfaces may be machined parallel, perpendicular, or 
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at an angle to a given surface. When using this method of holding 
work, precautions should be taken similar to those recommended for 
clamping directly to the table. Angle plates may be of either the 
adjustable or the nonadjustable type and are generally held in aline- 
ment by means of keys or tongues that fit into the table T-slots. 

(1) The adjustable type angle plate (fig. 55) has a hinged member 
upon which the work is clamped. This member may be adjusted 
and locked at various angles with respect to the base. 




Figure 55. — Adjustable angle plate. 



r (2) Standard nonadjustable angle plates usually have two outer 
surfaces machined at 90° to each other. A typical set-up involving 
its use is illustrated in figure 86. 

c. Clomping work in fixtures. — Fixtures are generally used in pro- 
duction work where a number of similar pieces are to be machined. 
The design of the fixture is dependent upon the shape of the work 
and the operations to be performed. Fixtures are always constructed 
to secure maximum clamping surfaces and are built to use a minimum 
number of clamps or bolts in order to reduce the time required for 
setting up- Fixtures should always be provided with keys to assure 
positive alinement with the table T-slots. 
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d. Holding work between centers. — The index centers are used to 
support work which is centered on both ends. When the work has 
been previously reamed or bored, it may be pressed upon a mandrel 
and then mounted between the centers as shown in figure 101. 

(1) Two types of mandrels may be used for mounting work between 
centers. The common or lathe mandrel is satisfactory for many op- 
erations, while one having a shank tapered to fit into the index head 
spindle is preferred in certain cases. In this latter type, the outer 
end of the mandrel is supported by the footstock center in the regular 
manner. * 

(2) The center rest, shown at (12) in figure 1, prevents springing 
and is used to support long slender work held between centers or 
work that extends some distance from the chuck. 

(3) Work mounted upon centers is driven by means of a dog as 
shown in figure 79. The bent tail of this dog should be fastened 
between the set screws provided in the driving center clamp, in such 
a manner as to avoid backlash and prevent springing of the mandrel. 
When milling certain types of work, a milling machine dog (fig. 56) 
may be utilized to advantage. The tail of this dog is held in a flexible 
ball joint which eliminates shake or spring of the dog or the work. 
The flexible ball joint allows the tail of the dog to move in a radius 
along the axis of the work, making it particularly useful in the rapid 
milling of tapered work. 

e. Holding work in the chuck. — Before screwing the chuck to the 
index head spindle, it should be cleaned and any burs on the spindle 
or chuck removed. Burs may be removed with a smooth cut, three- 
cornered file or scraper, while cleaning should be accomplished with 
a piece of spring-steel wire, bent and formed to fit the angle of the 
threads, or by the use of compressed air. The chuck should not be 
tightened on the spindle so tightly that a wrench or bar is required 
to remove it. Cylindrical work, held in the universal chuck, may 
be checked for trueness by using a test indicator mounted upon a base 
resting upon the milling machine table. The indicator point should 
contact the circumference of small diameter work, or the circumfer- 
ence and exposed face of large diameter work. While checking, the 
work should be revolved by rotating the index head spindle. Should 
the check indicate that the chuck jaws are worn, they may be ground 
by attaching the chuck to the milling machine spindle, and proceeding 
in the following manner : 

(1) Open the chuck jaws until they contact a steel ring with a 
concentric inner diameter of a size that will allgw a jaw opening of 
approximately 1 inch. 
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(2) Clamp a small, tool post grinder to the milling machine table, 
and with both the chuck and grinding wheel revolving, grind the 

chuck jaws by moving the milling machine table transversely. 



/. Holding work directly in the index head. — Work that is mounted 
on taper shank arbors or pieces having a suitable taper may be held 
directly in the index head spindle as shown in figure 108, 
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g. Holding work in a collet. — Cylindrical work of small diameter, 
ach as screws, may be held by means of the spring chuck and collet 
s shown in figure 29. The spring chuck should be inserted into the 
tidex head spindle and the proper size collet placed in the chuck, 
lie work may then be mounted in the collet and the cap nut tighte- 
ned, forcing the collet jaws against the tapered seat and clamping 
hem on the work. The advantage of using the collet lies in the 
act that the work may be clamped rapidly and accurately. 

h. Holding work in the vise. — As previously mentioned, three types 
f vises are manufactured in various sizes for holding milling ma- 
hine work. These vises have locating keys or tongues on the under 
ide of the base so that they may be located correctly in relation to 
he T-slots on the milling machine table. 

(1) The plain vise (fig. 8) may be fastened to the milling machine 
able and located either parallel or perpendicular to the arbor by 
deans of the keys. 

(2) The swivel vise (fig. 9) is fitted into a graduated circular base 
vhich is fastened to the milling machine table and located by means 
>f keys placed in the T-slots. By loosening the bolts which clamp 
lie vise to its graduated base, the vise may be moved to hold work 
it any angle in a horizontal plane. To set a swivel vise accu- 
ately with the machine spindle, a test indicator should be clamped 
» the machine arbor, and a check made to determine the setting by 
noving either the transverse or the longitudinal feeds, depending 
lpon the position of the vise jaws. Any deviation as shown by the 
est indicator should be corrected by swiveling the vise on its base. 

(3) The universal vise (fig. 10) is constructed in such a way as 
x) allow it to be set at any angle, either horizontally or vertically, 
io the axis of the milling machine spindle. Due to the flexibility 
3f this vise, it is not adaptable for heavy milling. 

(4) When rough work or work with unfinished surfaces is to 
be held in a vise, a piece of protecting material should be placed 
between the vise and the work to eliminate any marring of the jaws. 

(5) When it is necessary to raise work above the vise jaws, parallels 
!>f the same size and of the proper height should be used. These 
parallels should only be high enough to allow the required cut as 
excessive raising reduces the holding ability of the jaws. When hold- 
ing work on parallels, a soft hammer should be used to tap the top 
surface of the work, after the vise jaws have been tightened. This 
tapping should be continued until the parallels cannot be moved by 
band and after once being set, additional tightening of the vise should 
not be attempted, as such tightening has a tendency to raise the 
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work off the parallels. Correct selection of parallels is illustrated 
figure 57. 




INCOBBECT 



fKRALLfcLS 



Figure 57. — Selection of parallels 




(6) If the work is so thin that it is impossible to let it extend over the 
top of the vise, hold-down straps, such as those illustrated in figure 58, 
are generally used. These straps are hardened pieces of steel, having 





® Hold-down strap showing angular side. 
> — WORK 



k PARALLEL^ 




© Application of hold-downs. 
Figure 58. — Hold-downs. 



one vertical side tapered to form an angle of about 92°, with the bottom 
side and the other vertical side tapered to a narrow edge. By means 
of these tapered surfaces, the work is forced downward on to the pawl- 
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lels, holding them firmly and leaving the top surface of the work fully 
exposed to the cutting tool. 

(7) Whenever possible, work should be clamped in the center of the 
vise jaws ; however, when necessary to mill a short piece of work which 
must be held at the end of the vise, a spacing block of the same thick- 
ness as the work should be placed at the opposite end of the jaws. This 
will avoid strain on the movable jaw and prevent the work from slip- 
ping. Figure 59 illustrates the correct method of holding work in 
this manner. 





INCORRECT CORRECT 
® Centering work in the vise jaws. 





INCORRECT CORRECT 
® Use of spaced block for locating work at end of vise. 

Figure 59. — Clamping work in the vise. 

13. Index head. — The index or dividing head is used primarily 
to evenly divide or space work, such as required in the cutting of tooth 
spaces on gears and the milling of grooves in reamers and taps. The 
index head is supported on a base plate casting that is provided with 
feys on its under side for alinement on the milling machine table. As 
shown in figure 60, two large bearings are provided on the sides of the 
base plate, into which the swivel block is fitted. These bearings allow 
the swivel block to be set at any desired angle from 10° below the hori- 
zontal to 5° beyond the perpendicular. Graduations on the side of the 
head indicate the angular position in half degrees. A clamping device 
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is incorporated in the base plate by which the swivel block may be 
clamped at any angular position within its range. The swivel block 
contains the headstock spindle that passes through the block and is 
held in place by means of a thrust nut on one end. The opposite end, 
called the work end, is threaded or flanged and contains a tapered hole. 




ALIGNMENT 
KEYS 

© Front view. 
Figure 60. — Index head. 



The tapered hole provides a means for holding taper shank tools, while 
the threaded or flanged portion is used to hold chucks. Direct index 
plates are generally mounted just back of the work end. The spindle 
may be rotated by means of the index crank, by direct indexing, or by 
the table feed screw; the latter method being used only for helical 
milling operations. 
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14. Indexing. — Indexing may be accomplished by means of the 
plain, direct, compound or differential methods. Of these methods, 
the plain and direct are the most commonly used, the compound and 
iifferential being less practicable. The compound method which was 
used to a considerable extent in the past is becoming obsolete, due 
to the chance for errors and the fact that exact results cannot be 
obtained. Differential indexing, although accurate, is not widely 
used, due to the lengthy set-up required. It does, however, become 
necessary in certain instances which are beyond the range of plain and 
direct indexing. Differential indexing should not be attempted with- 
out reference to the manufacturer's handbook as the various manufac- 
turers have different systems of accomplishing the operation. 

a. Direct indexing, sometimes called rapid indexing, makes use of 
the direct index plate which is mounted just back of the work end of 
the index head spindle. A direct index plate has a number of equally 
spaced holes near the periphery, into which the index pin may be in- 
serted as shown in figure 60®. With the index pin out of contact 
with the direct index plate, the spindle may be disengaged and index- 
ing accomplished by turning the spindle by hand. To divide work 
into two equal parts, the index pin should be disengaged and the 
plate and spindle revolved until 11 holes in a 24-hole circle have 
passed the index pin. The index pin is then inserted into the 12th 
\iole in the plate to hold the spindle in the proper position. During 
lieavy cutting operations, the spindle should be clamped by means 
)f the clamp screw to relieve strain on the index pin. 

b. Plain indexing, accomplished by using the universal index head, 
is governed by the number of times the index crank must be turned 
to cause the work to make one revolution. Charts specifying the 
required number of turns or fractions of a turn and giving the 
proper index plate for various divisions, are furnished by index 
head manufacturers. However, when these charts are not available, 
the required number of turns and parts of turns may be determined 
by simple calculation. Figure 61 illustrates the mechanism contained 
in the swivel block of the index head. The main spindle is attached 
to a worm wheel which is driven by a worm mounted on a shaft. 
On the outer end of this shaft, an index crank is located for revolving 
the spindle when doing plain indexing. The worm is single threaded 
md the worm wheel has 40 teeth, so that 40 turns of the index crank 
ire necessary to turn the spindle one complete revolution. Therefore, 
:he number of turns of the index crank required to index a fractional 
part of a revolution is determined by dividing 40 by the number of 
iivisions desired. For example, if it is required to make 40 divisions 
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on a piece of work, 40 would be divided by 40, indicating that one com- 
plete turn of the index crank is required for each division. If 10 
divisions were required, 40 would be divided by 10 and 4 complete 
turns of the index crank would be required for each division. Index 
plates (fig. 62) are used to assist in making the division when the 
quotient of the ratio of the index head and the division desired re- 
sults in a fraction, making it necessary to give the crank a part of a 
revolution in indexing. These plates are circular disks, having six or 
more concentric circles of equally spaced holes ; the number of holes 
differing in each circle. The plate is fastened to the index head 
between the swivel block and the crank, and the crank is positioned 
by means of a radial adjustment so that the index pin, which it houses. 




Figure 61. — Index head mechanism. 



can be used in any of the circles of holes on the plate. The numeratoi 
of the fraction, determined by dividing 40 by the number of divisions 
required, represents the number of holes in a circle of holes that tfa 
index crank should be moved for each desired division. The denomi 
nator of this fraction represents the number of holes in the correci 
circle of holes which should be selected on the index plate. Fo] 
example, the calculation for determining 800 divisions when an ind& 
plate with 20 holes is available, is as follows : 

£^=-~ or 1 hole in a 20-hole circle. 

(1) When the fraction is such that none of the available inde3 
plates contain the number of holes represented by the denominator 
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i fraction should be established, the denominator of which repre- 
fints the number of holes for which an index plate is available. To 
>btain this fraction, both the numerator and the denominator must 
)e raised by a common multiplier. For example, the calculation for 
leteraiining 9 divisions when an index plate having a 27-hole circle 
is available, is as follows : 

40 3 120 12 

jX 3 == "27" = ^27 or * com P^ ete * urns an< * 12 holes in a 27-hole circle. 

(2) On the other hand, if the denominator of the fraction is 
larger than the number of holes that are available in an index plate, 
both the numerator and the denominator should be divided by a 
jommon divisor that will give a fraction in which the denominator 
^presents the number of holes for which an index plate is available. 
For example, the calculation for determining 76 divisions when an 
ndex plate having a 19-hole circle is available, is as follows : 

1^-=-^=^ or 10 holes in a 19-hole circle. 
7o 4 ly 

(3) If, when reducing the fraction, as discussed in the foregoing 
paragraph, the denominator becomes so small that no available 
bdex plate contains the number of holes represented by the de- 
nominator, the fraction should be raised to an available number. 
For example, the calculation for determining 52 divisions when an 
index plate with a 39-hole circle is available, is as follows : 

40 . 4 10^3 30 on , , . on , , . , 
•rK-f-- r = T ^X77=77F:or 30 holes in a 39-hole circle. 
52 4 13 3 39 

(4) When it is necessary to divide work into degrees or fractions 
of degrees by plain indexing, it should be remembered that 1 turn 
of the index crank will rotate a point on the circumference of the 
work y 40 of a revolution. Since there are 360° in a circle, one 
turn of the index crank would revolve the circumference of the 
work y 40 of 360° or 9°. Hence, when using the index plate and 
fractional parts of a turn, 2 holes in an 18-hole circle equals 1°, 1 
tale in a 27-hole circle equals 6 holes in a 54-hole circle equals 1°, 
t holes in a 54-hole circle equals %°, 3 holes in a 54-hole circle 
aquals and 2 holes in a 54-hole circle equals To determine 
the number of turns and parts of a turn of the index crank for a 
desired number of degrees, the number of degrees should be divided 
by 9, and the quotient will represent the number of complete turns 
and fractions of a turn that the index crank should be rotated. 
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For example, the calculation for determining 15° when an index 
plate with a 54-hole circle is available, is as follows : 

15 , 6/ ,36 
1T 1%=1 54 

or 1 complete turn of the index crank and 36 holes in a 54-hole circle] 
The calculation for determining 13%° when an index plate with aij 
18-hole circle is available, is as follows : 

1^= ly^ or 1 complete turn and 9 holes in an 18-hole circle. 

(5) When indexing angles given in minutes, where approximate 
divisions are acceptable, the movement of the index crank and th 
proper index plate may be determined by the following calcula 
tions: The number of minutes represented by 1 turn of the hides 
crank can be determined by multiplying the number of degree* 
covered in 1 turn of the index crank by 60. Thus: 9X60=540; 
540 is therefore the number of minutes represented by 1 turn of thi 
index crank. 

(a) The quotient of 540, divided by the number of minutes ii 
the division desired, represents the number of holes in the inde2 
plate circle on which the index crank should be moved 1 hole tt 
obtain the required division in minutes. As mentioned in the pre 
ceding discussion, this method of indexing can be used only foi 
approximate angles since ordinarily the quotient will come out ii 
mixed numbers or in numbers for which there are no index plates 
available. However, when the quotient is nearly equal to the num 
her of holes in an available index plate, the nearest number of hote 
can be used and the error will be very small. For example, tto 
calculation for 24 minutes would be as follows : 

24 Z2 " b 

Since there is no 22.5-hole circle on the index plate, a 23-hole circli 
plate would be used. 

(6) If the quotient is not approximately equal to an available 
circle of holes, it should be multiplied by any trial number which wil 
give a product equal to the number of holes in one of the available 
index circles. The crank can then be moved the required numbei 
of holes to give the desired division. For example, the calculatioi 
for determining 54 minutes when an index plate having a 20-holl 
circle is available, is as follows : 
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^~=^-X^— ^ or 2 holes in a 20-hole circle index plate, 

(6) The index head sector is used to expedite the proper move- 
ment of the index crank when fractional parts of a complete turn 
are to be made. The sector, as illustrated in figure 62, consists of two 
radial arms that may be spread apart when a set screw is loosened. 
To use the sector, the left hand arm is turned to bear on the left side 
of the index pin which is inserted into the first hole in the circle that 
is to be used. The set screw is then loosened and the right-hand arm 
of the sector is adjusted so that the correct number of holes will be 




Figure 62. — Index plate and sector arm. 



contained between the two arms. After making the adjustment, the 
set screw is locked to hold the arms in position. When setting the 
arms, the required number of holes is counted from the one in which 
the pin is inserted, considering this hole as zero. By subsequent use 
of the index sector, the counting of the holes after each division is 
eliminated. When using the index crank to revolve the spindle it is 
necessary that the spindle clamp screw be unlocked ; however, before 
cutting work held in or on the index head, the spindle should again 
be locked to relieve the strain. 

(7) The indexing that may be accomplished with standard plates, 
usually ranges as follows: all divisions up to and including 60, all 
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even divisions and miscellaneous uneven divisions up to and including 
400. Special index plates may be obtained for divisions that cannot 
be made by using standard index plates. Index plates are removable 
and reversible and one or more are furnished as regular equipment 
with the index head 

(8) A wide range divider is manufactured for use with some types 
of universal index heads. The wide range divider consists of a small 
index plate and reduction gearing to give a ratio of 100 to 1. By 
the use of this attachment, divisions from 2 to 400,000 may be 
obtained. j 

15. Footstock. — a. The footstock, shown in figure 63, is used fo^ 
supporting the outer end of work held between centers and long 
work held in the index head spindle or chuck. Keys are located 
in the base of the footstock for the purpose of alining it with the 




1. Longitudinal adjusting crank. 2. Vertical adjusting screw. 3. Center clamps. 
Figuhb 63. — MiUing machine footstock. 

index head. The footstock center is adjustable longitudinally bj 
means of a hand crank. The center can also be moved vertically 
and set out of parallel with the base by the use of a movable blod 
into which the center is fitted. The vertical and angular adjustment 
of the footstock center is to allow tapered work to be alined rapidly 
b. To accomplish accurate work, the footstock and dividing head 
centers must be concentric and in proper alinement. 

(1) Centers that are worn or not concentric should be removed 
from the milling machine and ground concentrically to a 60° angle 
on the lathe or grinding machine. 

(2) The alinement of the index head center and footstock centei 
may be checked as follows: 

(a) Clean the tapered hole of the index head spindle and insert a 
clean driving center. 
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(b) Place a test bar between the headstock and the tailstock 
centers, 

(c) Clamp a dial test indicator to the milling machine arbor with 
,he indicator contact point touching the top of the test bar. 

(d) Move the table longitudinally and any undesirable deviation 
sill be registered on the dial indicator. Adjustment may then be 
nade by moving the footstock center vertically. 

16. Helical milling. — a. General. — A helix may be defined as a 
regular curved path, such as is formed by winding a cord around the 
surface of a cylinder. Figure 64 represents the helix as being 
the hypotenuse of a right triangle which has been coiled about 
a cylinder. Helical parts, most commonly cut on the milling ma* 
chine, include helical gears, milling cutters, twist drills, and helical 



DIAMETER X 3J4I6 




Figure 64. — Helix diagram. 



cam grooves. When milling a helix, the universal index head is 
used to rotate the work at the proper rate of speed, while it is being 
fed against the cutter. A train of gears is placed between the table 
feed screw and the dividing head for the purpose of rotating the 
work the required amount, for a given longitudinal movement of 
the table. In machine shops, the term spiral is often used to mean 
helix ; this usage is incorrect since a spiral is a curve having a con- 
stantly increasing radius similar to that of a watch spring. 

6. The following is an explanation of the factors involved, and the 
calculations required in the cutting of a helix: 



444660° 
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(1) The lead is the distance which the helix advances along the 
cylinder in one revolution measured parallel with its axis. A helix 
may have a lead much longer or much shorter than the piece being| 
milled. For example, a reamer flute 6 inches in length, having a leadj 
of 18 inches, would make only ^ of a complete revolution during th^ 
cut. When the angle of helix and the diameter are given, the lead 
may be found by multiplying the product of the diameter and pi byj 
the cotangent of the angle. Thus: Diameter X 3.1416 X cotangent 
angle = lead. 

(2) The angle of helix is the angle between the hypotenuse of tty 
triangle illustrated in figure 64 and the side representing the lead. 

(a) When the lead and the diameter are given, the tangent of the 
angle of helix may be found by dividing the product of the diameter 
and pi by the lead, then converting to the helix angle by reference to 
trigonometrical tables. Thus: 



(&) The work table must be set at the angle of helix. For a right 
hand helix the right-hand end of the table should be swung to the 
rear of the machine, and for a left-hand helix, the left-hand end 
of the table should be swung to the rear of the machine. 

(3) As previously mentioned, helical movement of the work is 
accomplished by having the index head geared to the longitudinal 
table feed screw. When milling a left-hand helix, an idler gear is 
necessary, as illustrated in figure 65®, and when milling a right- 
hand helix, the gears are arranged as shown in figure 65(g). The 
four gears in this gear train are known as the gear on the screw 
first gear on the stud, second gear on the stud, and gear on the worm. 
The driver gears are the screw gear and the first gear on the stud 
While the driven gears are the second gear on the stud and the geal 
on the worm shaft. 

(a) The leads that may be cut are governed directly by these gears, 
and therefore, by changing the gear combinations various leads may 
be cut* Manufacturers furnish charts giving information on the 
gears required for various leads on their milling machines. How- 
ever, where these charts are not available, a formula for calculating 
the required gears may be used. This formula can be established 
as a ratio in which the lead of the machine is to the lead of the heli* 
required as the product of the driving gears is to the product of th€ 
driven gears. Thus : 



Diameter X 3.1416 
lead 



= tangent of angle 



lead of helix desired product of driven gears 
lead of machine product of driving gears 
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(b) To determine the lead of the machine, it must be remembered 
hat the longitudinal feed screw of the table on all standard milling 
nachines has 4 threads to the inch, and that 40 turns of the worm 
nakes 1 turn of the index head spindle. Thus, if change gears of 
iqual diameter are used, the table will move 10 inches longitudinally 
ertiile the work is making 1 complete turn; therefore, the helix will 
iave a lead of 10 inches and this 10-inch value is the lead of the 
nachine. 

(c) The following is an explanation of the calculations required 
for cutting a helix having a 12-inch lead: 

1. A fraction should be established in which the numerator 
represents the lead of the helix desired and the denomi- 
nator represents the lead of the machine. Thus: 

= required fraction 

#. This fraction should be resolved into two factors to repre- 
sent the two pairs of change gears. Thus : 

12^3X4 
10 2X5 

8. The terms of both factors are then raised by a common 
multiplier to produce resulting numerators and denomi- 
nators which will correspond with the number of teeth 
of the change gears furnished with the machine. Thus : 

3X12 ^36 d 4X8 32 
2X12 24 5X8 40 

The numerators of these fractions represent the number 
of teeth in the driven gears while the denominators rep- 
resent the number of teeth in the driving gears; there- 
fore, the driven gears have 36 and 32 teeth respectively, 
and the driving gears 24 and 40 teeth, respectively. 
5. A check on these calculations can be obtained by multiply- 
ing the product of the driven gears by 10 and dividing 
this product by the product of the driving gears. If the 
result is equal to the desired lead, the gears selected are 
correct. Thus : 



36X32X10 
24X40 
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6. When a limited number of gears are available, the leads of 
the helixes that can be cut may be found by substituting 
the available combinations in the following formula; 

1 0 X product of driven gears 
product of the drivers 




® Arrangement for left-hand helix. 
Pig u be 65. — Lead segment set-up for helical milling. 



7. When placing gears on the milling machine, driven gears 
may be exchanged with each other, and driver gears may 
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be exchanged with each other. However, under no cir- 
cumstances can a driver and driven gear be exchanged. 
(4) Since the path of the helix constantly changes its direction, the 
tooth face of cutters, other than end mills, cannot be perpendicular to 




© Arrangement for right-hand helix. 
Figure 65. — Lead segment set-up for helical milling — Continued. 

the work axis. To eliminate tearing of the work brought about by a 
change of direction, any cutter, excepting an end mill, must be wider 
at the bottom than at the top of the tooth. An end mill is used when 



69 



Digits 



Google 



Original fro m 
UNIVERSITY OF CALIFORNIA 



TM 1-421 

16 



ARMY AIR FORCES 



a helical groove having parallel sides is required. When cutting hel- 
ical flutes in milling cutters, a double angle cutter should be used 
which has a 12° angle on one side and either a 40°, 48°, or 53° angle 
on the other. These cutters may be used to cut a tooth angle of 52°, 
60°, or 65°, respectively. 




® Inscribing initial line. ® Inscribing adjacent tooth face. 




® Adjustment of work for radial teeth. ® Trail cut after alinement. 



Figure 66. — Setting cutter for helical milling of radial teeth. 

(5) To position the cutter for helical milling, the following pro- 
cedure should be used: 

(a) Place the work between the index centers, install the proper 
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gearing, withdraw the index head stop pin and set the milling ma- 
chine table at zero. 

(&) Place the proper cutter on the arbor, and set it centrally with 
the blank. 

1. To set the cutter in position and to proper depth when it is 
desired to cut an angularly shaped groove in a milling 
cutter, a line should be inscribed on the end of the blank 
with a surface gage which has been adjusted to the height 
of the index centers. After this line has been inscribed, 
one tooth should be indexed and another line inscribed 
as shown in figure 66. When fluting a left-hand cutter, 
the blank should then be rotated 90° plus the 12° cutter 




-3 



Figure 67. — Positioning cutter using steel square. 



angle or 102°, while in the case of a right-hand cutter the 
blank must be rotated 90° minus the 12° cutter angle or 
78°. The work should then be adjusted transversely and 
vertically until the 12° side of the cutter cuts close to the j 
radial line and at the same time leaves the proper width 
of land. This land width may be determined by measur- 
ing the distance between the top of the cut and the line 
representing the radial face of the next tooth. The lon- 
gitudinal location of the cutter may be determined by the 
use of a square placed in contact with the arbor collar, as 

shown in figure 67, so that the beam of the square rests on 
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distance from the beam of the square to the end of the 
work is equal to the radius of the arbor collar. It should 
be remembered that any longitudinal movement of the 
work table will cause a rotary movement of the work, thus 
changing the position of the inscribed lines. Consequent- 
ly, after the table has been located longitudinally, its po- 
sition must not be changed until the cutter is finally set 
& A detailed procedure for setting the cutter when milling 
gear teeth is given in the section on "gear cutting" found 
later in the text. 1 

Section IV 1 
MILLING OPERATIONS I 

ParagraM 

General __- m 

Face milling m 

Hexagon and square milling m 

Reamer mining 3M 

Tap milling m 

Cutter milling m 

Keys and keyseat milling 9 

Spline cutting m 

Broaching W 

Sawing and parting 31 

Dovetail milling 9 

Countersink milling 9 

Counterbore milling 9 

Drilling and boring 9 

17. General. — a. Milling operations may be classified under foul 
general headings as follows : 1 

(1) Face milling — machining flat surfaces which are at right angled 
to the axis of the cutter. J 

(2) Plain or slab milling — machining flat surfaces which axJ 
parallel to the axis of the cutter. ' 

(3) Angular milling — machining flat surfaces which are at an 
inclination to the axis of the cutter. 

(4) Form milling — machining surfaces having an irregular outline. 
b. Explanatory names, such as sawing, slotting, gear cutting, etc., 

have been given to special operations. Kouting is a term applied to 
the milling of an irregular outline while controlling the work move- 
ment by hand feed. The grooving of reamers and taps is called fluting. 
"Gang" milling is the term applied to an operation in which two or 
more cutters are used together on one arbor. "Straddle" milling is the 
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erm given to an operation in which two or more milling cutters are 
lsed to mill two or more sides of a piece at the same time. 

18. Face milling. — Figures 10 and 68 illustrate typical face raili- 
ng operations, the details of which are outlined below. 

a. End and side milling cutters are used for face milling operations, 
he size and nature of the work determining the type and size of cutter 
required. 



Figure 68. — Milling a square with an end mill. 



(1) In face milling, the teeth on the periphery of the cutter do prac- 
tically all of the cutting. However, where the cutter is properly 
ground, the face teeth actually remove a small amount of stock left 
from the spring of the work or cutter, thereby producing a finer 
finish. 

(2) It is important in face milling to have the cutter securely placed 
and to see that all end play of the machine spindle is eliminated. 
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b. When face milling, the work may be clamped to the table 
angle plate or held in a vise, fixture, or jig. 

(1) Large surfaces are generally face milled on vertical milling 
machines, having the work clamped directly to the milling machine 
table, to simplify handling and clamping operations. 

(2) The work should be fed against the cutter in such a way thai 
the pressure of the cut is downward, thereby holding the work agaaM 
the table. 9 

(3) Whenever possible, the edge of the work should be on a3fl 
passing through the center of the cutter. This position of the w» 
in relation to the cutter, helps to eliminate slippage. M 

c. When setting the depth of cut on a flat surface, the work abwB 
be brought up to the cutter so that it will just tear a thin pieofl 
paper held between the work and the cutter teeth. At this poicd^fl 
graduated dial on the transverse feed is locked and used as a fgM 
in determining the depth of cut. 

(1) When starting the cut, the work should be moved so that tl 
cutter is nearly in contact with the edge of the work, after which th 
automatic feed may be engaged. J 

(2) When a cut is started by hand, care must be taken to av<* 
pushing the corner of the work between the teeth of the cutter tfl 
quickly, as this may result in cutter tooth breakage. 5 

(3) In order to avoid any idle time during the operation, the few 
trips should be adjusted to stop the table travel just as the cutte 
clears the work. 

19. Hexagon and square milling. — a. When milling a squat 
or a hexagon on a bolt or similar piece, the cutting operation may hi 
accomplished by end milling, side milling, or straddle milling. Typ 
ical set-ups for performing this operation are illustrated in figures 6) 
and 69. Eegardless of the method used, the work should be indexed 
with the index head and the use of the direct indexing method i| 
generally recommended. The work may be held in the chuck, oi 
centers, or in the chuck and supported by the f ootstock. 

(1) When side milling or straddle milling, the work is usually helc 
in the chuck. 

(2) For end milling, the work may be held in the chuck, on centers 
or in the chuck and supported by the footstock. 

(3) Long work, such as a reamer that is to be squared, may U 
mounted between centers or held in the chuck and supported on th< 
outer end by the footstock center. The cutter used in this case shoulc 
be an end mill and the work should be fed vertically. During this 
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operation the clamp provided at the front of the table should be 
brought into position to prevent longitudinal movement. 

b. Where the number of pieces to be machined warrants the addi- 




Figure 69. — Squaring a shank with a side milling cutter. 

tional set-up time required, the work may be held in a vertical position 
and straddle milled, as illustrated in figure 25. 
(1) In this case, a pair of side milling cutters should be used, which 
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are of like diameter and of such a size that the spacer collar place! 
between them will clear the work. In adjusting the milling cuttei 
for the proper width of hexagon or square, it may be necessary to m 
thin paper or metal spacers to obtain the necessary spacing of th 
cutters. 

(2) The work should be held in the chuck which in turn is fastene 
to the index head. The spindle of the index head may then be ad 
justed to the required vertical position. When the work is held i 
the chuck, care must be taken to have it alined so that all sides of th 
hexagon or square will be milled to the same length. As two side 
of the work are finished at a cut, a square is completed with tw 
cuts and a hexagon* with three cuts. 





® Hexagon. ® Square. 

Figure 70. — Symbols used In cutting squares and hexagons. 

c. Side and end milling cutters are used to cut squares and hexagon 
except in the production of a number of like parts as described above 

(1) When the side or end milling cutter is used, the work is gen 
erally held in a chuck fastened to the index head. 

(a) The spindle of the index head may be adjusted to either th 
vertical or the horizontal position. The vertical position is preferred 
since the work is more easily observed and handled. 

(&) To eliminate loosening of the chuck when only one cutter i| 
used, the feed should be arranged so that it will operate in a directioil 
that will tend to tighten the chuck thread. 

(2) In order to properly set and adjust the milling machine foj 
hexagonal and square cutting, a knowledge of the following f actori 
and calculations is necessary. The various dimensions involved maj 
be determined by reference to figure 70. 

(a) The size of a hexagon or square is measured across flats, aj 
shown at H in the figure. 
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(b) The diagonal of a hexagon G equals 1.155 times the distance 
across flats H. Thus : G=Hx 1.155. 

(0) The largest hexagon that can be cut from a given cylinder 
equals the diameter of the cylinder (G) times 0.866. Thus: H=GX 
0.866. 

(d) In milling a hexagon, the length of the flat (r) is equal to 

one-half the diameter (G). Thus: 

(e) The diagonal of a square G equals 1.414 times the distance 
across flats {H). Thus: G=HxlAU. 

(/) The largest square (H) that can be cut from a given cylinder 
equals the diameter of the cylinder (G) times 0.707. Thus: 
H= #X 0.707. 

(g) In milling a square, the depth of cut (/) is equal to one-half 
the difference between the diameter of the cylinder (G) and the 

G—H 

distance across flats (H). Thus: 1= — ^ — 

(3) When milling squares and hexagons it is advisable to take 
roughing cuts on two opposite sides of the work, after which the work 
should be moved away from the cutter, the cutter stopped and a 
measurement made across the flats. The finished dimension should 
be subtracted from this measurement, and the work moved toward the 
cutter a distance equal to one-half the difference. The remaining sides 
of the square or hexagon may then be cut by direct indexing. 

(a) To safeguard the operator, the work should be measured 
or put in place only while the machine is shut down. 

(b) When setting for the depth of cut on a cylindrical surface, 
the same procedure should be used as that described for flat sur- 
faces in the paragraph on face milling. In order to eliminate losses 
due to backlash, all readings of the dials should be taken with the 
thrust of the screw in one direction. 

20. Reamer milling. — a. Straight reamers are grooved or fluted, 
as shown in figure 71, to provide cutting edges and channels for 
receiving and discharging chips. The cutting edges produced by 
fluting should insure the production of a hole that is smooth, round, 
and of a specified size. 

(1) Reamers are very apt to chatter and dig in unless they are 
properly milled and kept in good condition. Common causes for 
these two troubles are equal spacing of teeth, too much rake, or 
too much clearance. 

(a) The tendency for a reamer to dig in because of the rake of 
the teeth is overcome by the use of radial teeth or teeth with nega- 




Original from 
UNIVERSITY OF CALIFORNIA 



TM 1-421 

20 



ARMY AIR FORCES 



tive rake. Figure 72 illustrates the cutting of a negative rake tooth 
while figure 73 shows the cutter setting necessary for milling radial 
teeth, 

(b) Wohble and chatter caused by improper type teeth may be 
overcome by having the proper width of land, using the correct cutter, 
helical flutes, or straight flutes irregularly spaced. 




Figure 71. — Milling reamer flutes. 

(c) Irregular spacing of straight cut reamer teeth, as described in 
a subsequent paragraph is necessary if the above mentioned troubles 
are to be avoided. 

(2) The fluting of reamers is best accomplished with improved form 
cutters, which produce a groove that is cleanly cut on both sides. The 
improved form cutter is a combination of the form and angular types, 
and has an angle of 6° on one side, with a radius on the other ranging 
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rom % 2 inch for a number 1 cutter to 7 /g inch for a number 8 cutter, 
^able III gives the proper cutter selection for various diameter ream- 




When using an improved form cutter to cut a groove having 
one radial side, it is necessary to offset the work laterally as illustrated 
in figure 66. 
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Table III. — Improved form reamer fluting cutters 



Cutter number 


Reamer diam- 
eter (inches) 


Number of 
reamer Antes 


1 _ _ _ ... . 


#to 
tfto % 6 

tZ. ir\ 7/ 

78 to #6 

Hto %, 
Tito 1 

to \y> 

l}it to 2% 
2tf to3 


i 


o 


Q 


] 


4 . 


6tol 


5 


6 


J 


7 _. 




8 





(a) To aline and set the improved form cutter to depth, the blanh 
should be mounted on the index centers and a line inscribed on the 
end of the blank with a surface gage adjusted to the height of the 




Figure 72. — Locating cutter for negative rake tooth. 



index centers. The blank should then be rotated and the 6° angular 
side of the cutter alined with this inscribed line by placing the edge 
of a steel scale against the angular cutter tooth as illustrated in figure 
66. A short trial cut should then be made in two adjacent teeth, iu- 
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creasing the depth of cut until the proper width of land is provided. 
The width of the land of the cutting edges, as shown in figure 66, 
should be approximately % 2 inch for a ^4-inch reamer, % 6 inch 
for a 1-inch reamer, and %2 inch for a 3-inch reamer. It must be 
remembered that as the depth of cut is increased, the table must be 
moved transversely if the tooth face is to remain radial. 

(b) To prevent dig-in of the reamer, the cutter should be set ahead 
of the radial line to produce a slight negative rake on the tooth. To 
accomplish this after the cutter has been set as outlined above, the table 
should be moved transversely to bring the cutter ahead of the radial 
line as shown in figure 72. The amount of offset required to produce 
this slight negative rake is given in table IV. 

Table IV. — Cutter offset requirements for various size reamers 



Size of reamer 
(inches) 


Offset of cutter 
(inches) 


y* 


0.011 


% 


. 016 


M 


. 022 


% 


. 027. 


% 


. 033 


% 


. 038 


i 


. 044 


IK 


. 055 




. 066 


iy* 


. 076 


2 


. 087 


2/4 


. 098 




. 109 


2% 


.. 120 


3 


. 131 



(3) Straight reamers may either be milled with helical or straight 
cut flutes. In the latter case, an even number of irregularly spaced 
flutes should be used. 

(a) When helical flutes are to be cut, the procedure discussed 
in paragraph 16 should be followed. For this operation, the angle 
of helix must be such that the cutting edges make an angle of from 
10° to 15° with the axis of the reamer. 

(b) The itregular spacing of straight cut teeth is illustrated in 
figure 74 and is known as breaking up the flutes. The difference 
between the largest and smallest space should be very slight, not 
exceeding 6°. The manner in which the breaking up of the flutes 
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is usually done is to move the index head a certain amount more or 
less than would be required in the case of regular spacing. This 
may be accomplished by irregularly spacing a number of teeth on 
half of the reamer, then spacing those on the other half, so that their 



Figure 73. — Setting of cutter for milling radial teeth. 

cutting edges will be diametrically opposite the ones previously 
cut. In performing this operation, the indexing is usually done by 
milling the flutes in pairs; that is, after milling each odd numbered 
flute, the reamer is rotated one-half a revolution and the diametrically 




Figure 74. — Irregular spacing of reamer teeth. 

opposite flute is cut. The amount of movement of the index crank 
for reamers having various numbers of Jutes may be found by refer- 
ring to table V, When milling irregularly spaced flutes on reamers, 
it is necessary to raise and lower the table to provide a uniform width 
of land. 
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Table V. — Irregular spacing of straight flute reamers 





Number of flutes in reamer 


Num- 
ber of 
reamer 


6 


8 


10 


12 


14 


Number of holes in index plate circle 


flute i 


18 


18 


18 


18 


54 




Number of full turns and additional holes required for positioning index crank when using above 

Index circles 


2d... 


20 turns 


20 turns 


20 turns 


20 turns 


20 turns. 


3d... 


6 turns plus 


4 turns plus 


3 turns plus 


3 turns plus 


2 turns plus 




14 holes. 


14 holes. 


14 holes. 


10 holes. 


38 holes. 


4th. . 


20 turns 


20 turns 


20 turns 


20 turns 


20 turns. 


5th.. 


6 turns plus 


5 turns plus 


4 turns plus 


3 turns plus 


2 turns plus 




10 holes. 


2 holes. 


2 holes. 


7 holes. 


50 holes. 


6th. . 


20 turns 


20 turns 


20 turns 


20 turns 


20 turns. 


7th 




4 turns plus 
16 holes. 


4 turns . 


3 turns plus 
2 holes. 


2 turns plus 
40 holes. 








8th 




20 turns 


20 turns 


20 turns 


20 turns. 












9th 






3 turns plus 
16 holes. 


3 turns plus 
4 holes. 


2 turns plus 
52 holes. 








10th. 






20 turns 


20 turns 


20 turns. 










11th. 








3 turns plus 
8 holes. 


2 turns plus 
44 holes. 








12th 








20 turns 


20 turns. 












13th. 










3 turns. 










14th 










20 turns. 













1 Starting with the first to be milled, the flutes are numbered consecutively around the reamer. 



b. As in the case of straight reamers, taper reamers may have either 
helical or straight teeth ; the latter being the most generally used. In 
fluting tapered reamers, the operations are the same as those used in 
cutting straight reamers except that the center line of the work must 
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be out of parallel with the cutting line, so that the width of the land 
may remain nearly the same throughout its length. 

(1) When a tilting table, such as illustrated in figure 18, is available, 
the work should be held on the index centers which are clamped to 
the tilting table. The fact that the table may be easily adjusted to 
bring the center line of the work out of parallel to the cutting line, 
makes it possible to cut the flute properly without affecting the 
alinement of the index centers, 




Figure 75. — Milling the flutes in a tap. 



(2) When a tilting table is not available, taper reamers may be 
fluted by raising the tailstock center, or by lowering the index head 
spindle the amount necessary to bring the reamer blank into the proper 
cutting position. 

(a) The cut and try method is commonly used to obtain the proper 
setting of the tailstock or headstock center. This method consists of 
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mounting the reamer on the index centers so that when testing with a 
surface gage, the large diameter of the tapered portion is a trifle 
higher than the small diameter end. This setting is accomplished by 
having the tailstock set above center or the index head set below center, 
an amount equal to approximately one-fourth the taper of the reamer. 
Trial cuts are then made on two adjacent teeth to a depth slightly less 
than that necessary to produce the proper width of land, and readjust- 
ments of the center made accordingly. 

(b) When milling tapers, due to the fact that the tailstock is raised 
or the index head is lowered as the work is revolved, the tail of the 
driving dog not only moves around the axis but also along the axis. 
For this reason it is advisable to use the milling machine dog illus- 
trated in figure 56. Should it be necessary to use a regular bent tail 
dog, the screw which clamps the tail of the dog in the driver must be 
loosened before each indexing operation to eliminate springing of 
the work. 

21. Tap milling. — a. In the manufacture of taps the grooves or 
flutes are cut on the milling machine as shown in figure 75. These 
flutes serve two purposes as they provide the cutting edges and also 
form channels for receiving and discharging chips. The number of 
flutes is usually determined by the diameter of the tap, the standard 
proportions being as follows : 

(1) For tap diameters from y± to 1% inches, four flutes are generally 
used. 

(2) For tap diameters of 1% inches and larger, six flutes are gen- 
erally used. 

b. Convex, angular or improved form milling cutters may be used 
for the fluting operation. 

(1) The convex cutter is most commonly used, and produces what 
is known as the hooked flute. When using the convex cutter for fluting 
taps having four flutes, the cutter should be selected with a width equal 
to one-half the diameter of the tap, and the depth of the flute sho.uld 
be one-fourth the diameter of the tap. Table VI gives the sizes and 
depths of flutes for the various diameter 4 flute taps. Specification 
for 6 flute taps may be obtained by referring to machinists' handbooks. 

(2) Angular cutters have been used extensively in the past, due 
to the fact that they are cheaper than form cutters of a like size. An 
angular cutter may also be used for a wider range of tap diameters 
than a form cutter. 

(3) The improved form tap fluting cutter has a cutting edge that 
is a combination of the angular and the convex forms. This type of 
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cutter is gaining considerably in popularity since it produces a tap 
with excellent cutting qualities. 

c. When fluting taps, the method of cutter alinement depends on 
the type of cutter being used. 

Table YL — Specifications for milling four flute taps 



Diameter of tap 
(inches) 


Width of cutter 
(inches) 


Depth of flute 

(inches) 


% 


Me 


X* 


% 


% 


Me 


H 


y* 


H 


% 




Me 


l 




H 




% 


Me- 


VA 


% 


% 


1% 


% 


Me 


2 


i 


H 


2% 


VA 


Me 


2H 


i% 


% 


254 


i% 


*M« 


3 


1H 


y* 



(1) To aline the convex cutter, the blank is mounted on the index 
centers and by the use of the surface gage, two lines are inscribed 
along the axis of the peripheral surface of the blank, equidistant from 
the center line. The spacing of these lines must be equal to the cut- 
ter's width. The blank is then indexed one-fourth of a revolution 
and the table adjusted to a position which places the line directly 
under and equidistant from the center of the cutter. With the cutter 
revolving, the blank should be raised until the cutter leaves tool marks 
on its periphery. The rotation of the cutter is then stopped to permit 
examination of the tool marks and lines. If the tool marks are not 
in the center of the inscribed lines, the table is moved transversely to 
centralize the cutter. An approximate visual method of alinement 
may be used where extreme accuracy is not required. This is done by 
setting the center of the cutter in alinement with the tailstock or index 
head center as nearly as possible by eye. 

(2) Angular and improved form cutters are set in the same manner 
as reamer fluting cutters. The procedure for this is discussed in para- 
graph 20; 

d. For the fluting operation the tap is usually held and indexed 
between index centers, and the following is a brief outline of the pro- 
cedure involved : 
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(1) Install and aline the index centers on the milling machine table. 

(2) Mount and center the proper size milling cutter. 

(3) Place the tap between the index centers and, with the cutter 
revolving, raise the table until the cutter just touches the tap. 

(4) Lock the vertical hand feed dial in this position and, using it 
as a guide, set the machine for the proper depth of cut (see table VI). 

(5) Cut the flute to the proper length, using the longitudinal feed 
screw. 

(6) Repeat the cutting operation for the remaining flutes, bringing 
the work into position by direct indexing. 

22. Cutter milling. — Milling machine cutters are generally 
fluted on the milling machine. To avoid confusion when referring 
to this operation the term "mill" is used to designate the cutter being 
machined. The diameter and width of the mill, number and kind of 
teeth, and the type of cutter used depend upon the size and type of 
work to be performed by the mill. 

a. When the cutting face is to be wider than 4 inches, it is better to 
make the mill iti two or more interlocking sections. 

h. Mills larger than 5 inches in diameter are generally fitted with 
inserted teeth. 

c. The number of teeth to be milled is determined by the diameter 
and type of mill. 

(1) Plain mills start with a 2-inch diameter having 14 teeth, and 
increase 2 teeth for each y 2 inch added to the diameter. 

(2) Side mills start with a 2-inch diameter having 22 teeth, and 
increase 2 teeth for each % inch added to the diameter. 

(3 ) Coarse end mills have 4 teeth on all sizes up to 1 inch in diameter. 
Five teeth are used on 1%-inch mills, 6 teeth on 1^-inch mills, and 
8 teeth on 2-inch mills. 

d. The type of cutter to be used for the above milling operations 
depends upon the type of tooth desired. 

(1) Plain mills which are to have straight cut teeth should be milled 
with a 60° angular cutter. 

(2) Mills which are to have helical cut teeth should be cut with a 
60° or 65° double angular cutter, having a slightly rounded point. 
The lead of the angle of helix should be approximately 15° when 
cutting helical teeth. 

(3) The side teeth of a wide side mill should be cut with a 70° 
or 75° angle cutter, while thin mills require the use of an 80° cutter. 

e. When cutting flutes in the various types of milling cutters, 
the work is usually mounted on an arbor and held between the index 
centers, or held directly in the index head. Mounting the work di- 
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rectly in the head spindle allows it to be swiveled into the various 
positions required for cutting side, end, or angular mills. Figure 76 
illustrates methods of mounting. 

/. The method of cutter alinement depends on whether a single 

or double angle cutter is to be used. 

(1) To aline the single angle cutter when cutting radial teeth, the 
work is held by the index head, and a line is inscribed along the 




® Milling helical teeth. 
Figure 76. — Machining a milling cutter, 

peripheral surface of the work parallel to the axis, and at the same 
height as the centers of the index head. The work is then indexed 
ten turns or one-fourth of a revolution, which brings the line on top 
center ; after which, the milling machine table is adjusted to a position 
which places the line approximately under one edge of the cutter. 
With the cutter revolving, the table is raised until tool marks are 
made on the periphery of the work, then moved transversely to bring 
the line to the edge of the cutter. The depth of cut is determined 
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y the width of land between two adjacent tooth spaces. Adjustment 
or depth is made by taking a light cut through the first tooth 
pace then indexing: the work and repeating the operation at the 





next tooth space. These cuts may be alternately increased in depth 
until the correct width of land is obtained, and the remaining 
tooth spaces milled at this setting. 
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(2) The setting of a double angle cutter for position and deptt 
has previously been discussed in paragraph 166(5). 
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23. Keys and keyseat milling. — a. Keyseats are grooves of dif- 
ferent shapes cut along the axis of the cylindrical surface of a shaft, 
nto which keys are fitted, to provide a positive method of locating 
aid driving members mounted on the shaft. A keyway must be 
uachined in the mounted member to receive the key. 

b. The type of key and corresponding keyseat to be used depends 
ipon the class of work for which it is intended. The most com- 
nonly used types, however, are the plain straight, round end 
feathered, and Woodruff. These keys are illustrated in figure 77, and 
ire usually made from SAE 1035 or SAE 2330 steel 

(1) Plain straight, or sunk keys, shown in figure 77® may be 
dther square or rectangular in shape. For the purpose of inter- 
jhangeability and standardization, keys are usually proportioned with 
■elation to the shaft diameter. The following rules are widely used to 
letermine sunk key sizes : 

(a) The key width equals 14 of the shaft diameter. 
(&) The key thickness equals % of the shaft diameter. 
(o) The minimum length of the key equals iy 2 times the shaft 
iiameter. 

(d) The depth of a square keyway is y 2 the width of the key. 

(2) Round end feathered, or Pratt and Whitney keys, as shown in 
igure 77(2) are similar to plain straight keys, except that they have 
■ounded ends. The dimensions of the key are designated by a num- 
yer or letter, and may be determined by referring to machinists' 
landbooks. The key thickness is V/ 2 times its width, while the 
ength is from a minimum of twice the width of key to a maximum 
>f 4 inches plus the width of key. 

(3) Nordburg keys are cylindrical in shape and have a taper of 
Yiq inch per foot. In general practice, the key is made *4 the shaft 
Iiameter for shaft sizes up to and including 6 inches. Due to the 
Fact that this key is not used in aircraft construction, no illustration 
s given. 

(4) Woodruff keys (fig. 77®) are semicircular in shape, and are 
nanufactured in various diameters and thicknesses. The circular 
ride of the key is seated in a keyseat which is milled in the shaft 
frith a cutter having the same radius as the key. 

(a) The size of the Woodruff key is designated by a system of 
lumbers which represent the normal key dimensions. The last two 
ligits of the number indicate the diameter of the key in eighths 
)f an inch, while the digits preceding them indicate the width of 
he key in thirty-seconds of an inch. Thus, a number 404 key would 
>s % ° r Y2 i n °h i* 1 diameter and % 2 or % inch wide, while a number 
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1012 key would be l % or iy 2 inches in diameter and *% 2 or % 6 incl 
wide. The proper dimensions for various size Woodruff keys an 
given in table VII. 

(b) In order that proper assembly of the keyed members may w 
made, a clearance is required between the top surface of the key and 
the keyway. This clearance may be from a minimum of 0.002 incl 
to a maximum of 0.005 inch although 0.003 inch is the desired value 
Positive fitting of the key in the keyseat is provided by making thj 
key 0.0005 to 0.001 inch wider than the seat. 



Table VII. — Sizes of Woodruff keys and keyseats 



Key 
number 1 


Key 


Shaft diameter 


Height 
of key 


Depth of 
slot 


Width 


Diameter 


Minimum 


Maximum 


204 


K. 








3 /«4 


0. 1718 


304 


%2 




%• 


J» 


H* 


. 1561 


305 


%2 


% 




J4 


y* 


. 2031 


404 


% 


jf 


He 


% 


%* 


. 1405 


405 


y* 


% 




% 


X* 


. 1875 


406 


% 


% 


'Me 


% 


Me 


. 2505 


505 


%2 


% 




»K« 


Me 


. 1719 


506 


%2 


% 






Me 


. 2349 


507 


%2 


% 


% 


^6 


Me 


. 2969 


606 


Vie 


% 


1 


1H 


Me 


. 2193 


607 


%* 


% 


1 


l 6 /6 


Me 


. 2813 


608 




i 


1 


I7ie 


Me 


. 3443 


609 


He 


i% 


i 8 A 




%* 


. 3903 


808 


y* 


i 




1* 


Me 


. 3130 


809 


y* 




1J4 


1% 


K« 


. 3590 


810 


y* 




IK 


1% 




. 4220 


812 


y* 


1J4 


1J< 


1% 


}U 


. 5160 


1011 


%* 


1H 


1^6 


2 


%2 


. 4378 


1012 


5 /i 6 


1H 


1%. 


2^ 


%4 


. 4848 



i When the key number is preceded by the letter H, it indicates that the key is made from 2330 stttj 
When no letter precedes this number, the key material is 1035 steel. All key dimensions are in inches. 

i 

c. Keyseats and keyways may be cut on the milling machine 
shaper, planer, keyseating machine or by drilling, slotting, anc 
broaching. 

(1) When milling keyseats and keyways, the shaft may be hew 
in the vise, chuck, between centers, or clamped to the milling machinj 
table. The cutter must be set centrally with the axis of the wori^ 
and this alinement is accomplished by using one of the following 
methods; 
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(a) When using a Woodruff or side milling cutter, the shaft should 
>e brought up so that the side of the cutter is tangent to the circum- 
ference of the shaft. This is accomplished by moving the shaft 




VEE — BLOCK 



® Method using thin paper shim. 




VEE— BLOCK 



® Method using steel square. 
Figure 78. — Setting cutter for keyseat milling. 

transversely to a point, which just permits it to tear a thin piece of 
Daper held between the work and the cutter side teeth, as shown in 
igure 78(1). At this point, the graduated dial on the transverse 
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feed is locked, the milling machine table is lowered and, by using 
the transverse feed graduated dial as a guide, the shaft is move^ 
transversely a distance equal to the radius of the shaft plus one-half 
the width of the cutter. 

End mills may be alined centrally by first causing the work to 
contact the periphery of the cutter, then proceeding as in the above 
operation. 

(b) When the work is held so that it can be revolved by the index 
head, alinement of the cutter may be accomplished by inscribing a 
line along the peripheral surface of the work parallel to the axis, 
and at the same height as the centers of the index head. After this 
has been done the work is indexed ten turns or one-fourth of a revolu- 
tion to bring the line on top center and the milling machine table is 
adjusted to a position which places the line directly under one edge 
of the cutter. With the cutter revolving, the work is raised in order 
to leave tool marks on its periphery, then moved transversely to 
bring the line to the edge of the cutter. At this point, the graduated 
dial on the transverse feed is locked and used as a guide in moving 
the work transversely, one-half the width of the cutter. 

(e) An approximate or visual method of alinement may be used 
where extreme accuracy is not required. This is done by setting the 
cutter as near center as is possible by eye and making the final 
alinement, by measuring the distance between the blade of a square 
set against the shaft and the sides of the milling cutter, as illustrated 
in figure 78®. 

(2) When milling square and rectangular keyseats in a shaft, the 
depth T is measured from a line passing through the upper corners 
of the keyseat. The total depth S is equal to the distance T plus 
the additional depth (/) caused by the curvature of the shaft. The 
values for the distance (/) may be obtained for the various standard 
shaft sizes from table VIII. Should table values not be available, 
value of the factor (/) may be obtained by means of the following 
formula : 

Where: R= radius of shaft 
W= width of key 

f (3) The depth of cut S can be measured by using the outside 
micrometers, vernier calipers, or, where the width of key W pre- 
vents the use of the micrometers directly, the measurement can be 
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made by placing the proper size key in the keyseat and measuring 
the dimension, as shown at H in figure 77®. 

(4) When milling keyseats, lines showing the position and the 
Length of the keyseat to be cut should be inscribed and center 
punched on the shaft, to assist the operator in the cutting operation. 

Table VIII. — Values of factor (J) for various size shafts 



Diameter 






















of shaft 


H« 




H 








H 


«• 


H 


D» 


(inches) 





















Width of key (inches) 



Factor (0 (inches) 



X- 

X~ 
K- 
% - 
34- 
l.„ 
154- 
154- 

154- 

154- 
2... 
354- 



0. 004 
. 003 
. 002 
. 001 
. 001 
. 001 
. 001 



a 009 

. 006 
. 004 
.003 
.003 
. 002 
. 002 
. 002 
. 002 
.001 
.001 
. 001 
.001 



a 016 

.011 
.008 
.006 
.005 
.004 
.004 
.003 
.003 
.002 
.002 
. 002 
.002 















a 017 

.013 


a 025 
.018 










0. 025 


a 033 






.010 


.014 


.019 


.026 


a 042 




.008 


.012 


.016 


. 022 


. 034 


a 051 


.007 


.010 


. 014 


. 018 


. 028 


.042 


. 006 


.009 


. 012 


.015 


. 024 


.036 


.005 


.008 


. on 


.014 


. 022 


. 032 


.005 


.007 


. 010 


.013 


. 019 


. 029 


. 004 


.006 


. 008 


. 011 


.016 


. 024 


. 003 


. 005 


. 007 


. 009 


. 014 


. 020 


. 003 


. 004 


. 006 


. 008 


. 012 


. 017 


. 003 


. 004 


. 005 


. 006 


. 009 


. 014 



tt 0625 
. 1406 
. 2500 
. 3906 
. 5625 
. 7656 
1.0000 
1. 2656 

1. 5625 

2. 2500 

3. 0625 

4. 0000 
12. 250 



(5) The actual milling operation for cutting the three standard 
types of keyseats are as follows : 

(a) A plain straight key way or keyseat is milled with a plain 
milling cutter, or a Woodruff cutter. The work should be properly 
mounted, the cutter centrally located, and the work raised by using 
the hand vertical feed, until the revolving cutter tears a piece of 
thin paper held between the peripheral teeth of the cutter and the 
work. At this point the graduated dial on the vertical feed is locked 
and the work moved longitudinally to allow the cutter to clear the 
piece. The vertical hand feed screw is then used to raise the work 
the total depth of cut. After this adjustment, the knee of the machine 
should be locked, and the cut made by feeding the table longitudinally. 

(6) Round end feathered key ways are generally cut by means of 
an end or cotter mill, although roughing cuts, in large keyways, 
may be made with a plain milling cutter. As in the case of plain 
straight keyways, the work should be properly mounted and the 
cutter centrally located with respect to the piece. The work is then 
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moved to permit the end of the cutter to tear a piece of thin paper 
held between the cutter and the work. At this point the graduated 
feed dial should be locked and used as a guide for setting the cutter 
to the total depth. The ends of the keyseat should be well marked 
and the work moved back and forth, making several passes to 
eliminate error due to spring of the cutter. 

(o) Keyseats for Woodruff keys are cut with special Woodruff 
cutters as shown in figure 79. They are designated in the same 




Figure 79. — Milling a Woodruff keyseat 



manner as the key for which they are intended; thus, a No. 607 
cutter would be required for cutting a keyseat for a No. 607 key. 
The cutter is mounted in a spring collet or drill chuck which has 
been inserted in the spindle of the milling machine. With the cutter 
located over the position in which the keyway is to be cut, the work 
should be raised by using the hand vertical feed until the revolving 

96 

a . j-*.j-*nl*> Original from 

Digitized by V^OOgie UNIVERSITY OF CALIFORNIA ■ 



TM 1-431 

MILLING MACHINES, SHAPERS, AND PLANERS 83 



setter tears a piece of thin paper held between the peripheral teeth 
of the cutter and the work. At this point the graduated dial on the 
vertical feed should be locked and the clamp on the table set. Using 
the vertical feed, with the graduated dial as a guide, the work is 
raised until the full depth of the keyseat is cut, completing the opera- 
tion. Should specifications for the depth of cut not be available, 
the correct value may be determined by means of the following 
formula : 

Where: E— depth of cut 
R= radius of key 
W= width of key 
C= cut below center 

d. For rapid production, internal keyways are usually cut by means 
keyseating machines. However, in the general shop, internal 
ays may be cut on the milling machine by using a slotting 
irttachment. 

(1) Slotting attachment, as illustrated in figure 14, is used to cut 
various shaped grooves with a reciprocating single point tool and 
may be set so that the movement of the tool is either horizontal or 
vertical. The setting is determined by the amount of visibility ob- 
toinable and the method in which the work must be held. The slotting 
ihment ram is driven by an adjustable crank which allows the 
;h of stroke to be changed. The ram should be adjusted to per- 
the tool to clear the work on both ends and care must be taken 
I ^prevent the tool from striking any part of the set-up when mak- 
jihe cut. 

) Tools used for slotting are similar to those required for shaper 
operations and a set consisting of various special shapes is illustrated 
in figure 80. These tools have cylindrical shanks which permit them 
to be secured in the tool holder. 



o 




® Side view of tool. 



A 



A 

L_ 



A 

I 



A 



A 

_j 



® Cross sectional view of tool ground to various shapes. 
Pigueb 80— Slotting tools. 
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(3) When slotting, the work is usually held in the vise or in 
chuck mounted on the index head as shown in figure 81. Large parts 



r 



o 



a 
p 

o 



may be mounted on the circular attachment or clamped directly to 
the table, 
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24. Spline cutting. — External and internal splines used in trans- 
mission drives, aircraft engine crankshafts, and propeller hubs are 
generally cut by hobbing and broaching on special machines. How- 
ever, where splines are to be cut for a repair job, the operations may 
be accomplished, as shown in figure 82, in a manner similar to that 




Figure 82. — Slotting spline ways in a helical gear. 

required for cutting key ways and keyseats. Two standard splines are 
illustrated in figure 83. 

a. The work that the splines are to perform determines their dimen- 
sions as these values depend upon whether the parts are to have a 
permanent or sliding fit, and if a sliding fit, whether or not, they are 
to slide under load. Table IX gives spline dimensions for the cir- 
cumstances described above. 

b. The allowable tolerances depend both on the size of the shaft and 
the number of splines to be cut. Tolerance values are given in table 
X for the various standard numbers of splines. 
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Figurb 83. — Standard types of splines. 
Table IX. — Standard spline dimensions in terms of shaft diameter (Z)) 



Number 
of splines 


Permanent fit 


Sliding fit (no load) 


Sliding fit (under load) 


Wi 






W 


h 


d 


W 


h 


d 


4 
6 
10 
16 


0.241D 
.250D 
.156D 
.098D 


0.075D 
.050D 
.045D 
.045D 


0.850D 
.900D 
.910D 
.910D 


0.241D 
.250D 
.156D 
.098D 


0.125D 
.075D 
.070D 
.070D 


0.750D 
.850D 
.860D 
.850D 








.250D 
.156D 
.098D 


0.100D 

.095D 
.095D 


0.800D 
.810D 
.810D 



i For identification of terms W, h, and d, reference should be made to figure 83. 

c. The radii on all spline corners, regardless of size, should be 0.015 
inches. 

Table X. — Allowable tolerances for standard splines 



Diameter of shaft 
(inches) 


Tolerance for 4, 6, and 10 splines (inches) 


D « 


d> 


w i 


Up to 2 

2 to 3 

Above 3 

All diameters. _ 


+ 0. 000 to -0. 001 
+. 000 to -. 002 
+.000 to -.003 


-0. 000 to +0. 001 
-. 000 to +. 002 
-. 000 to +. 003 


-0. 000 to +0. 002 
-. 000 to +. 003 
-. 000 to +. 003 


Tolerance for 16 splines (inches) 


+0.000 to -.003 


-.000 to +.003 


-.000 to +.003 



1 For identification of dimensions D, d and W, reference should be made to figure 83. 
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® Broaching process. 
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® Typical broached holes. 
Figdbb 84. — Broaching. 
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25. Broaching. — a. The process of broaching consists of pulling 
or pushing a toothed cutting tool across a surface or through a cored 
or drilled hole. The broaching tool has a series of cutting teeth which 
are graduated in size, each removing a small chip as the operation is 
performed. 

Z>. Broaching is particularly adapted for the finishing of square or 
irregularly shaped holes, internal gears, splines, and keyways. Figure 




Figure 85 —Parting solid stock. 



84 illustrates the operation as well as several shapes that may be 
produced by the. process. 

26. Sawing and parting. — Metal slitting saws are used to part 
stock on a milling machine. The stock may be held in any one of the 
ways described in the section on work holding, although care must be 
used to have it rigidly mounted. Figure 85 illustrates the parting of 
solid stock with the work being fed against the rotation of the cutter. 
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For greater rigidity while parting thin material such as sheet 
metal, the work may be clamped directly to the table with the line of 
cut over one of the table T-slots. In this case the work should be 
fed into, and with the rotation of the cutter to prevent it from being 
raised off the table. During the process every precaution should be 
taken to eliminate backlash and spring, in order to prevent climbing 
or gouging. 




Figure 86, — Milling a dovetail. 



27. Dovetail milling* — a. Dovetails, as illustrated in figure 86, 
are used for connecting many machine parts and are particularly 
advantageous as their construction allows sliding movement, yet pro- 
vides close alinement between the members. The angular sides of 
a dovetail may be cut on the milling machine or shaper to any desired 
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b. When cutting dovetails in the milling machine, the work may be 
held in the vise, clamped on the table, or clamped to an angle plate 
as illustrated in figure 86. The tongue or groove is first roughed- 
out by using a side milling cutter, after which the angular sides 
and base are finished with an angular cutter. 

c. In general practice, the dovetail is laid out on the work before 
the milling operation is started. To do this, the required outline 
should be inscribed and the line prick punched. These lines and punch 
marks may then be used as a guide during the cutting operation. 




® Male dovetail. 




® Female dovetail. 
Figure 87. — Method of measuring dovetails. 

d. Accurate measurement of the angular sides is absolutely neces- 
sary, and may be acconuplished by using round rods such as drill rods 
or wires as shown in figure 87. These rods or wires should be of 
such a diameter that the point of contact, shown at e in the figure, 
is below the corner or edge of the dovetail. 

(1) When measuring male dovetails the dimension x may be de- 
termined by adding the dimension / to the product of the diameter d 
and the sum of 1 plus the cotangent of y 2 the dovetail angle a. 
Thus: x=d (1 + cotangent y 2 <*)+/. 

(2) When measuring female dovetails, the dimension x may be de- 
termined by subtracting from the width (g) , the product of dimension 
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d and 1 plus the cotangent of y 2 the angle a. Thus: x=g—d 
(1+ cotangent y 2 a). 

(3) To determine the roughing size of the tongue or groove, it is 
necessary to calculate the dimension o. This is equal to the height of 
the tongue or groove y, multiplied by the cotangent of the angle a. 
Thus: <?=yX cotangent of angle a. 

e. Dovetails of 45°, 50° and 60° may be measured with the dovetail 
vernier caliper as illustrated in figure 88. This type of caliper will 
determine measurements in thousandths of an inch from zero to 12 
inches. A taper plug locates the caliper side in relation to the re- 
quired angle and direct measurement is obtained by the caliper buttons 
in contact with the sides of the angle. 

28. Countersink milling. — a. Countersinks (fig. 89) are used 
to cut cone-shaped depressions such as screw seats and center holes. 
These tools are similar to reamers and may have from one to four 
flutes. Countersinks are usually made in diameters ranging from % 



to 1 inch and in various degrees of included angle, the most common 
being 60° and 82°. 

b. When milling the flutes in a countersink, a side milling cutter 
is generally used. A cutter 2y 2 inches in diameter should be em- 
ployed for fluting a ^-inch diameter countersink, and a cutter *4 
inch larger in diameter should be used for each % inch increase of 
countersink size. Thus a 3-inch diameter cutter would be used to 
flute a ^-inch diameter countersink. 

c. During the milling operation, the countersink is held in the 
chuck which is fastened to the index head, and the spacing of the 
flutes is accomplished by indexing. 

29. Counterbore milling*. — a. A counterbore (fig. 90) is a tool 
used to square the bottoms of holes so that fillister head screws may 
seat properly. The number of flutes is, in general, determined by 
the size of the counterbore and may vary from 3 to 5. 

b. The counterbores generally used for steel have radially cut teeth, 
milled at a 15° helix angle, measured with respect to the center line. 
Counterbores for brass have straight milled teeth to prevent their 
digging into the soft metal. 

c. The milling operation required in making a counterbore is very 
similar to that described for reamers. The flutes should be cut deep 




Figure 89. — Countersink. 
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enough to extend below the surface of the pilot so that the body of 
the counterbore will have the maximum width of cutting edge. The 
cutter used may be of either the single or double angle type. 




Figure 90.™Counterbore. 



30. Drilling and boring. — a. The milling machine may be used 
effectively for drilling and boring, since accurate location of the hole 
may be secured by means of the feed screw graduations. The spac- 
ing of holes in a circular path, such as the holes in an index plate, 
may be accomplished by indexing. 

b. Drills may be held in drill chucks fastened in the milling ma- 
chine spindle or mounted directly in milling machine collets. Vari- 
ous types of boring tool holders may be used for boring on the 
milling machine, the boring tools being provided with either straight 
shanks to be held in chucks and holders, or taper shanks to fit collets. 
The two attachments most commonly used for boring are the fly 
cutter and the offset boring head, illustrated in figures 16 and 91. 
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(1) The offset boring head has a movable holder which carries tin 
boring bar as an integral part of the head. This holder can h 
offset in thousandths of an inch by turning a graduated screw, s< 
that holes of various sizes may be bored. 

(2) Both the tools used and the methods of location for borin| 
are identical with those described in TM 1-420, 

Section V 
GEAR CALCULATIONS 

Paragrapl 
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31. General. — Gears are used for transmitting positive and uni- 
form rotary motion from one shaft to another. Spur and herring- 
bone gears are used to drive shafts that are parallel while bevel and 
worm gears are used to drive shafts that are at an angle to each 
other. Helical gear drives may be applied to shafts that are either 
parallel or at an angle. These various types of gears are illustrated 
in figure 92 and the commonly used rules and formulas are given 
for each type in the following paragraphs. If other formulas are 
desired, they may be found in machinists' handbooks. 

32. Spur gears. — a. Spur gears may be distinguished by the fact 
that the teeth are cut squarely across the outer rim of the gear blank 
in a direction parallel to the gear shaft axis as shown in figure 92®. 

b. There are two systems of cutting teeth used for spur gearing: 
the epicycloidal and the involute. The involute system, is by far 
the more commonly employed and is therefore described in this text.. 
The standard involute gear tooth has a pressure angle of 14%°; 
the pressure angle being the angle at which one tooth bears against 
the other. Involute gears having this angle are made in various 
standard sizes from y 2 to 60 pitch, however, most cut teeth range 
from 4 to 20 pitch, as illustrated in figure 93. Eight milling cutters 
are manufactured for each pitch and are numbered from 1 to 8. 
These cutters are selected for the production of gears having different 
numbers of teeth as indicated in table XI. Gear cutters in half 
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sizes, ranging from 2 to 8 pitch inclusive, can be obtained, if needed, 
for finer divisions, 

c. A knowledge of gear nomenclature, rules, and other specific data 
is necessary in order to select the proper cutter and perform the other 
operations required to complete the gear. The following definitions 




® Spur gear set. 




Q) Helical gear set. 





® Internal gear set 




® Herringbone gear set. 




© Worm gear set. © Bevel gear set. 

Figure 92. — Types of gearing. 

and formulas apply to the calculations involved in cutting an involute 
spur gear, and the various symbols used are illustrated in figure 94. 
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20 p ie p. ie p. 



M P. 



12 P. 



10 P. 



9 P. 



8 P. 



7 P. 



6 P. 



0™1 




6P. 



4P. 



Pig orb 93w — Standard involute gear teeth having 14%° pressure angle. 
Table XI. — Involute gear cutters 



Cutter number 


Number of gear teeth 


1 


From 135 to rack 


2 


55 to 134 


3 


35 to 54 


4 


26 to 34 


5 


21 to 25 


6 


17 to 20 


7 


14 to 16 


8 


12 to 13 



(1) To determine the number of teeth (N) in a gear when the 
pitch diameter and the diametral pitch are given, the pitch diameter 
(/>') should be multiplied by the diametral pitch (P). 

N=D'P 
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(2) Hie outside diameter of a gear is its ma ximum diameter an 
can be determined by dividing the sum of the number of teeth (N) 
plus 2 by the diametral pitch (/>). 

(3) The pitch diameter (/?') is the diameter of the pitch circle 
and can be determined by dividing the number of teeth (N) by the 
diametral pitch (P). 

(4) The diametral pitch (P) is the number of teeth to each inch 
of the pitch diameter and can be determined by dividing the number 
of teeth of the spur gear by its pitch diameter (/>'). 

D' 

(5) The. circular pitch (P*) is the distance between the centers of 
two adjacent teeth, measured on the pitch circle, and can be deter- 
mined by dividing 3.1416 (pi) by the diametral pitch (P). 

p/ _ 3.1416 
P 

(6) The addendum of a gear tooth (*) is the length of the tooth 
measured from the pitch circle to the outside diameter. This length 
can be determined by dividing the number 1 by the diametral pitch 

1 

*=P 

(7) The dedendum (#+/) is the length of the gear tooth measured 
from the pitch circle to the whole depth line and is equal to the 
addendum plus the clearance. This length can be determined by 
dividing the constant 1.157 by the diametral pitch (P). 

, . 1.157 
*+f = —p~ 
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(8) The clearance (/) is the extra depth of space allowed between 
the meshing teeth and can be determined by dividing the thickness 
of the tooth at the pitch circle (t) by 10. 

' 10 

(9) The working depth (Z>") is the entire length of the tooth from 
the outside diameter to the base of the tooth, excluding the clearance. 
This length can be determined by dividing the number 2 by the 
diametral pitch (P). 

(10) The whole depth (/?" + /) is the working depth plus the clear- 
ance and can be determined by dividing the constant 2.157 by the 
diametral pitch (P) . 

(11) The thickness of tooth (t) at the pitch circle is determined 
by dividing the circular pitch (P*) by 2. 

t 2 

(12) The symbol 0 is a Greek letter that is frequently employed 
in gear formulas. It is used to designate an angle whose value is 
^4 of the angle that is subtended by the circular pitch. This value 
can be determined by dividing 90° by the number of teeth (N) . 

,90° 

(13) In order to set the vertical slide of the vernier tooth caliper 
to the corrected addendum i- the tooth addendum (s) plus 
the height of arc (27), the height from the chord to the top of the 
tooth must be known. This length can be found by adding the 
height of arc (H) to the addendum (s). 

s"=s+H 

(14) The height of arc (#), a linear measurement, must be added 
to the addendum when accurate measurements of the gear teeth are 
required. The addendum is measured from the pitch circle. If the 
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vertical slide of the vernier tooth caliper is set only to the height of 
the addendum, there will be an error in the measuring of the gear 
tooth, due to the fact that the pitch line is an arc, the height of which 
is the distance from the chord to the bisecting point of the arc 
formed by the piteh line. This distance (H) can be determined 
by multiplying the pitch diameter (/?') by the quantity (1 — cosine 6) 
and dividing the result by 2. 



(15) The chordal thickness of the tooth (t") is used where ac- 
curate measurement of a gear tooth is desired. This thickness is the 
length of a chord or straight line that connects the two points that 
are formed where the pitch circle strikes the finished contour of the 
tooth. Chordal thickness is a linear measurement and can be found 
by multiplying the pitch diameter (/?') by the sine of angle 0. 



(16) When cutting gears, it is often necessary to know the dis- 
tance between the centers of the gear shafts. This distance can be 
determined by dividing the sum of the number of teeth in the gears 
(Ng+Np) by the sum of their diametral pitches (2P). 



(17) If the center distance between the shafts of a gear and a 
pinion is required, it may be determined if the pitch diameter (/?') 
of both the gear and the pinion is known. The distance between 
centers is the sum of the pitch diameter of the gear (D' g ) plus the 
pitch diameter of the pinion (D' p ) , divided by 2. 



(18) The linear pitch (/*'), used in rack measurement, is equal 
to the circular pitch (P') of the gear meshing into the rack. 

d. The following procedure is given as an example in the calcu- 
lation and cutting of a spur gear: 

(1) Assume that it is required to mill 40 teeth in a spur gear 
blank which has a pitch diameter of 3.3334 inches. 



H= 



D' (1 — cosine 0) 
2 



*"=Z>'Xsine 6 



Center distance 



Ng±N_V 

2P 



Center distance 



D' 0 +D' P 
2 
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(2) Make the necessary calculations, using the above listed 
formulas. 

N 40 

Diametral pitch (P) = ^=33334 = 12 

Circular pitch (P') = *^^=*^>= 0.2618 inch 

Addendum (*) = p=-^= 0.0833 inch 

Thickness of tooth (t) =^=-^^===0.1309 inch 

Whole depth of tooth (D''+f)=?^=^^= 0.1798 inch 

Number of cutter (table XI) =3 

Number of turns to index for each tooth =1 

'(3) Fasten the index centers to the milling machine table and aline 
them, if necessary. When using the universal milling machine, the 
table should be set at right angles to the cutter arbor so that the tooth 
space cut will be parallel to the axis of the gear. 

(4) Secure the gear blank to the mandrel. At this point, it is im- 
portant to see that the mandrel runs true so that all teeth cut upon the 
blank have the same relationship to the axis. 

(5) Adjust the cutter centrally with the axis of the gear blank. To 
do this proceed as follows : 

(a) Set a surface gage to the same height as the centers and inscribe 
a line across the peripheral surface of the gear blank. 

\b) Index the blank 10 turns or one-fourth of a revolution to bring 
the line to top-center. 

(c) Adjust the table to a position which places the line directly 
under and in the center of the cutter. 

(d) With the cutter revolving, raise the gear blank until tool marks 
are left on its periphery, then stop the cutter and lower the blank 
sufficiently to examine the tool mark and inscribed line. 

(e) If the line is not in the center of the tool mark, move the table 
transversely to bring the line directly under the center of the cutter, 
completing the adjustment. 

(/) A less accurate method of accomplishing this adjustment is a 
visual alinement of either the headstock or tailstock center with the 
center of the cutter. 
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(6) Regulate the depth of cut by adjusting the height of the milling 
machine knee. With the cutter revolving, the knee is raised until the 
cutter just touches the blank. The graduated dial on the vertical feed 
is then locked and used as a guide in determining the required tooth 
space depth. The blank is moved from under the cutter by turning 
the longitudinal feed and the depth of cut set by raising the vertical 
feed the required number of thousandths of an inch. 




Figure 95. — Measuring gear teeth with a vernier caliper. 



(7) Check the size of the tooth by cutting two tooth spaces into the 
face of the blank to a depth sufficient to produce the full form of the 
tooth. The tooth thus produced may then be measured and compared 
to the standard tooth form. Gear teeth are measured for accuracy by 
using the gear tooth vernier caliper (fig. 95). The vertical slide is 
adjusted to the height of the addendum and the jaw is adjusted to the 
thickness of the tooth. If, after checking the vernier scale it is found 
that the tooth is too thick, it will be necessary to raise the work into the 
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cutter and if the tooth is too narrow, the work must be lowered. For 
a more accurate check on gear teeth, it is necessary to work to chordal 
figures. These figures may be obtained by determining the chordal 
thickness (t") and the corrected addendum (a"). 

(8) Cut all the tooth spaces by indexing the blank. The method 
of indexing gear blanks is identical to that of indexing other 
circular work. 



33. Stub tooth gears. — a. Stub involute tooth gears are largely 
used in automotive drives because of their strength. This type of 
gear tooth has a 20° pressure angle and is short and thick, as the 
name implies. The stub gear tooth is compared to the standard 
involute form in figure 96. Three systems of stub tooth gearing 
are in general use; they are the Nuttall, the Fellows, and the 
American Standards Association. 

(1) The Nuttall system of stub tooth gearing bases the tooth di- 
mensions directly upon the circular pitch ; the addendum being made 
% of the circular pitch, and the dedendum % 0 of the circular pitch. 



STANDARD INVOLUTE TQDTH FORM 
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(2) The American Standards Association bases the tooth dimen- 
sions upon a given set of formulas; the total depth of tooth being 
1.8 divided by the diametral pitch, the addendum, 0.8 divided by 
the diametral pitch, and the basic thickness of the tooth, 1.5708 
divided by the diametral pitch. 

(3) The Fellows system of stub tooth gearing bases the tooth 
dimensions on two diametral pitches. For example, the gear tooth 
may be designated as a *%2 pitch. Referring to this fraction, the 
numerator equals the pitch that determines the thickness and number 
of teeth and the denominator equals the pitch that determines the 
depth of the teeth. The following formulas are used in calculating 
dimensions for the Fellows system of stub tooth gearing : 

(a) The pitch diameter (/?') is determined by dividing the number 
of teeth (N) by the numerator pitch. 

2><= " , 

numerator pitch 

(b) The addendum (s) is determined by dividing the number one 
by the denominator pitch. 

1 

S == : ; 

denominator pitch 

(o) The outside diameter (D) of the gear blank equals the sum 
of the pitch diameter (D') and two times the quotient of 1 divided 
by the denominator pitch. 

T) D + ^2 X ^ enom j na ^ or pitch) 

(d) The dedendum is determined by dividing the number 1 by the 
denominator pitch. 

Dedendum = :i — !— r— r- 

denominator pitch 

(e) The tooth clearance (/) is determined by dividing the ad- 
dendum (s) by the number 4. 

1 4 

b. After the stub tooth calculations have been made according to 
one of the above systems, the proper stub tooth cutter should be 
selected according to the diametral pitch. The milling operation for 
cutting stub tooth gears is the same as for milling standard involute 
teeth. 

34. Internal gears. — a. Internal gears may be considered as cir- 
cular metal bands having teeth on their inaide surfaces. These 
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gears as shown in figure 92® are especially adapted for use in 
propeller shaft speed reductions because of their compactness. This 
compactness or space saving feature is due to the fact that one gear 
runs within another. The relative position of the gears causes their 
pitch lines to bend in the same direction, enabling more teeth to be in 
contact simultaneously, thereby producing smooth action and great 
strength. 

b. The method of determining the various sizes for internal gear- 
ing is practically the same as for the spur gear, except that in the 
calculation of the center distance, the difference between the pitch 
radii is used instead of their sum. In designing internal gears, care 




FIGURE 97. — Cutting an internal gear. 



must be taken to avoid interference which may occur when the inside 
diameter of the gear and the outside diameter of the pinion are too 
closely related in size. Figure 97 illustrates the cutting of an 
internal gear, using the circular and slotting attachments. 
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c. The calculations involved in the cutting of internal spur geaii 
are the same as those required for external gears with the exceptioii 
and addition of the following formulas : 

(1) The pitch diameter* (/?') is found by adding the sum of two 
addenda (2s) to the inside diameter of the gear (/). 



(2) The inside diameter of the gear (/) is, therefore, equal to 
the pitch diameter (D f ) less the sum of two addenda (2s). 

I=D'-2s 



(3) The bottom diameter is found by adding twice the sum of the 
addendum (s) and the clearance (/) to the pitch diameter {D'). 

Bottom diameter=Z>'+2($+/) 

(4) The center distance of the gears (C) equals the number of 
teeth on the gear (Ng) less the number of teeth on the pinion (Np) 
divided by twice the diametral pitch (2P) . 

C 2P~ 

d. The following procedure is given as an example in the calcula- 
tion and slotting of an internal spur gear, having a 14^° pressure 
angle. Assume that it is required to slot 126 teeth in a blank to 
produce a gear with a pitch diameter of 9 inches and a diametral 
pitch of 14. 

(1) Make the necessary calculations as follows: 

Pitch diameter (Z?')=9 inches 
Diametral pitch (P) = 14 

Addendum (^) =^=— = 0.0714 inch 

Inside diameter (/) =D' -2s=9 - 0.1428= 8.857 inches 

Circular pitch (P') =^^=^^ =0.224 inch 

Thickness of tooth (t) = ~-=^=^ =0.112 inch 
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Clearance = =0.0112 inch 

Bottom diameter-2? , +2(«+/) =9+2(0.0714+0.0112) 
= 9.165 inches 



Whole depth (D" +f)=- 



2.157 2.157 



=0.154 inch 



P ~ 14 



(2) Aline and clamp the gear blank on the circular attachment, 
o that the axis of the blank coincides with the axis of the circular 
ttachment. Strap clamps are usually used to hold the blank, which 
5 mounted on raising blocks to give the tool proper clearance. To 
ssist in alining the gear, a dial test indicator should be fastened on 
o the slotting attachment. To do this, the contact point of the dial 
ndicator is made to touch the inside of the gear blank, and the gear 
lank is revolved by using the rotary action of the circular attach- 
lent. Any deviation from proper alinement, as registered by the 
ial indicator, should be corrected by lightly tapping the gear blank. 
Nork of small diameter may be held on the index head, eliminating 
tie necessity of the circular attachment. 

(3) By moving the milling machine table transversely, scribe a 
adial line completely across the center of the top face of the blank 
ith a scriber held in the slotting attachment. Revolve the gear blank 
80° with the circular attachment handwheel and repeat the process 
f scribing the line. Should it be found that the two inscribed lines 
io not coincide, the table of the milling machine should be adjusted 
ongitudinally and the process of revolving the blank repeated until 
he lines do coincide. The graduated dial on the longitudinal feed 
s then locked and used as a guide, to inscribe two lines parallel to 
he center line of the gear blank, and spaced an amount equal to half 
ie tooth width on either side of the center line. These lines assist 
n the alinement of the slotting tool and when inscribed, the grad- 
lated dial on the longitudinal feed is used to adjust the milling 
aachine table to the position held when the center line was drawn, 
n this position, the longitudinal feed is locked. 

(4) Fasten a slotting tool ground to the shape of a No. 1 involute 
titter of the required pitch to the slotting attachment. The cutter 
mst be adjusted to its proper alinement with the gear blank by 
leasurements taken from the inscribed lines discussed in the 
Dregoing paragraph. 

(5) After moving the work with the transverse feed until it just 
ouches the cutter, lock the graduated dial so that it may be used 
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as a guide, and cut the required tooth space. The transverse fee 
stop is then locked and the work moved away from the cutter wit 
the transverse handwheel. At this point, by means of the circula 
attachment, the blank should be indexed and an adjacent tooth spac 
cut. The tooth so formed should be measured and the transven 
stop, which regulates the tooth depth, adjusted to produce a toot 
of the proper size* This indexing and cutting process is repeate 
until all of the teeth have been cut. 




Figure 98. — Indexing attachment for rack milling. 



(6) The vertical shaper may also be used for cutting interna 
gears, by following the operations discussed above, 

35, Backs. — a. A rack such as shown in figure 15, is a straight ba 
having teeth to mesh with a spur gear. When operated with a spu 
gear, the rack produces a reciprocating action as in the longitudina 
feed of a lathe carriage. 

r^rxrtj-iL ■ 122 Original from 

Digitized by ^OOgie UNIVERSITY OF CALIFORNIA 



TM 1-421 

MILLING MACHINES, SHAPERS, AND PLANERS 35-86 



6. When cutting racks on a milling machine, any one of three 
methods may be employed. 

(1) Racks may be cut by using the rack milling and indexing 
ittachments. The bar upon which the teeth are to be cut is fastened 
in the attachment vise and the teeth are indexed by using the indexing 
ittachment as shown in figures 15 and 98. 

(2) For racks having few teeth, the cutter may be held on a com- 
Don arbor with the work clamped or held in a vi9e, parallel to the 
rbor axis. In this case, the tooth spaces are indexed by hand, 

the transverse feed of the milling machine. 
When the rack milling attachment is not available, and the 
t is large enough in diameter to eliminate interference with the 
iversal head, long racks may be cut by clamping the bar to the 
machine table at 90° to the milling machine spindle. The 
should be mounted on an arbor, held in the universal milling 
tent, with the arbor axis parallel to the bar. The tooth spaces 
indexed by hand, using the longitudinal feed of the milling 
,e. When determining the dimensions of the rack teeth, the 
r pitch of the rack is made equal to the circular pitch of the 
r that meshes into it. The diametral pitch, whole depth of tooth, 
ickness of tooth and addendum are also the same as the correspond- 
measurements of the gear with which it is to mesh. In all cases, 
b. 1 involute gear cutter should be used. 

Helical gears. — a. Helical gears as shown in figure 92® are 
which have teeth cut across the outer rim of the gear blank at 
;le to their axis, similar to the thread of a screw. Helical gears 
,te smoothly and have great strength because of the sliding 
>n of the teeth and the greater number of teeth that are in contact 
iy one time. These gears may have either a right- or a left- 
helix. 

tportant factors to be considered when cutting helical gears 

The teeth of helical gears must have opposite helix angles when 
shaft axes are parallel, so that they may mesh. 

(2) The teeth of helical gears must have the same helix angle when 
te axes of their shafts are at right angles. 

(3) The helix angle is dependent upon the design of the gear and 
m relative position of the shafts. 

! (4) The universal milling machine can be used to cut gears up to 
45° helix angle by swiveling the table and mounting the cutter in 
te usual manner. Should the helix angle be greater than that which 
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the table will accommodate, a vertical milling attachment is used i 
the cutting angle adjustment is made with the attachment. 

c. The following is an explanation of the symbols and formi 
involved in calculating and cutting helical gears. The various syml 
may be identified by referring to figure 99. 




Figure 99. — Normal pitch diagram for a helical gear. 



(1) The normal circular pitch (P' n ) is the shortest distance betw 
the centers of two adjacent teeth measured along the pitch surf: 
and equals the circumferential circular pitch (P') multiplied by 
cosine of the angle formed between the teeth and the axis of the gi 

P* n =P' X cosine of angle of teeth with axis 
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i (2) In selecting the cutter for cutting helical gear teeth, it is not 
possible to use a cutter of the same size and number as is used for like 
|teeth in spur gear cutting. Such a cutter which has a thickness at 
jthe pitch line equal to one-half the circular pitch would cut tooth 
spaces too wide, thus producing thin teeth. It is therefore, necessary 
| to select the cutter according to the normal diametral pitch (P n ) l 
which can be determined by dividing 3.1416 (pi) by the normal cir- 
cular pitch (P'»). 

(3) The number of teeth (T) for which a helical gear cutter is 
selected may be determined by dividing the number of teeth in the 
helical gear (N) by the product of the square of the cosine multiplied 
bv the sine of the helix angle. 

N 



T= 



(cosine of angle) 2 X sine of helix angle 



(4) The exact lead of the helix (L x ) on the pitch surface is deter- 
mined by dividing the tangent of the tooth angle into the product of 
the number of teeth (N) and the circumferential circular pitch (P'). 

T = NPf 



tangent of tooth angle 

(5) The approximate lead is the lead for which interchangeable 
gears are available for use with the standard universal index centers. 
In cutting helixes the operator must accommodate the exact lead to 
tiie approximate lead. The differences in the two are usually very 
small and can be compensated for by simply cutting the tooth space 
slightly larger. To determine the approximate lead of the helix (L 2 ) 

| that may be cut by gears usually furnished with index centers, the 
jproduct of the number of teeth in the driven gears must be multi- 
plied by 10 and divided by the product of the number of teeth in the 
driver gears. 

£ = 10 X product of number of teeth in driven gears 
2 product of number of teeth in driver gears 

(6) The circular pitch (P') may be determined by dividing the 
product of the pitch diameter and 3.1416 (pi) by the number of 
(teeth (N), 

D' X 3.1416 



P'= 



N 
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(7) The pitch diameter (/>') of a helical gear may be determined 
by dividing the product of the circular pitch (f) and the number 
of teeth (N) by 3.1416 (pi). 

P'N 



3.1416 



(8) The addendum (*) may be determined by dividing the normal 
circular pitch (P'») by 3.1416 (pi). 



3.1416 



(9) The outside diameter (Z>) may be found by adding the pitch 
diameter (Z)') to twice the addendum (2s). 

D=D'+2s 

(10) The thickness of tooth (t) may be determined by dividing th« 
normal circular pitch (P' n ) by 2. 

-5- 

(11) The whole depth of tooth (/?"+/) is equal to two addendi 
(2$) plus one-tenth the thickness of the tooth (^j^ 

(12) The Greek letter a is used to indicate the angle of the teeti 
with the axis, while the Greek letter y is used to indicate the angl 
of the shaft axes. Gamma is equal to the sum of the helix angk 
of two mating gears. 

y=al + a2 

d. The following procedure is given as an example in the calct 
lations and cutting of a helical gear. Assume that it is required t 
mill the teeth in a 21-tooth helical gear, having a pitch diameter c 
3.712 inches and a helix angle of 45°. 

(1) Make the necessary calculations as follows: 
Number of teeth (N) =21 
Pitch diameter (D') =3.712 inches 

i vwi>/\ #'X3.1416 3.712X3.1416 A KKKO . , 
Circular pitch (P )= ^ = £1 =0.5553 inch 
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Normal circular pitch (/"*) —P* X cosine of tooth angle 
=0.6663 X 0.70711=0.3927 inch 

Addendum (,) = ^1=|^I =0.125 inch 

Outside diameter (D) =Z>'+2*=3.712 +0.250= 3.962 inches 
Normal diametral pitch (pitch of cutter) 

_/z>.x_ 3-1416 , 3.1416 

~ K ' P'* "0.3927 

Thickness of tooth (t) = —--—^^ 

Whole depth (/>"+/) =2*+ ^=0.250+^p =0.2696 inch 

Number of teeth for which cutter must be selected ( T) 

= N 

(cosine of angle) 2 X sine of helix angle 

21 =59 

- (0.70711) 2 X 0.70711 0 

Number of cutter (table XI) =No. 2 

_ Al , /rx W 21X.5553 

Exact lead (Li) = t . , . — rr r = = 

v ' tangent of tooth angle 1 

= 11.661 inches 

. . ± , , /r . 10 X product of driven gears 

Approximate lead (L 2 ) — S — - — -5-5-: - 

rr v product of driver gears 

10 X 64 X 28 „ aaa . , 

~ 32 X 48 = 11666 mcheS 

Where the following gear selection is used : 

Gear on worm 64 teeth (driven) 

First gear on stud 32 teeth (driver) 

Second gear on stud 28 teeth (driven) 

Gear on screw 48 teeth (driver) 

(2) Fasten the universal index centers to the milling machine table 
aline them if necessary, 

(3) Set the universal milling machine table at right angles to the 
r arbor, secure No. 2, 8-pitch involute gear cutter on the arbor and 

e the cutter as explained in the paragraph on "helical milling." 
4) Press the gear blank on a mandrel and mount it on the spiral 
lex centers. The arbor must be secured to and driven by the head- 
spindle. Due to the rotary motion of the gear blank while being 
helical gears are more liable to slippage in cutting than are spur 
For this reason, it is necessary that the gear blank be pressed 
ltly upon the mandrel. Small diameter gear blanks held on lathe 
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mandrels, may be secured to the spindle by the use of a dog ; howeve 
the dog must be far enough from the blank to eliminate any cutfo 
interference. Large diameter gear blanks should be pressed on tap< 
shank arbors that are held directly in the headstock spindle, and f< 
extremely heavy work this type of arbor may be drawn into the spind 
with a threaded rod. 

(5) Connect the index head to the lead screw of the machine I 
means of the series of gears selected. 

(6) Arrange the index head to index the number of teeth requin 
and unlock the index plate to allow it to revolve. 

(7) Set the milling machine table at the proper angle. 

(8) The depth of cut, measuring of the tooth, setting of the vertici 
stops, and the indexing of the gear blank are the same as those open 
tions for spur gearing. The various points discussed in the cutting < 
helixes also apply to helical gear cutting. An important factor thi 
should be remembered in cutting helical gear teeth is that the cutta 
should be stopped after cutting each tooth space, and the table r 
turned by hand with the cutter positioned, so that its teeth will m 
scrape the sides and bottom of the tooth space. 

37. Herringbone gears. — Herringbone gears, shown in figin 
92®, perform much the same function as spur gears. These geai 
which are similar to helical gears, have all the advantages of the helia 
gear plus the additional advantage of the neutralization of end thrus 
The simplest way to manufacture a herringbone gear is to cut two hel 
cal gears of the same diametral pitch and number of teeth, one haviu 
a right-hand helix, and the other a left-hand helix. These two geai 
are then fastened together to operate as a single gear. Herringboi 
gears usually have a helix angle of 23° and a face width of from 6 i 
12 times the circular pitch. The tooth is an involute form having 
pressure angle of 20°. 

38. Worm gears. — a. Worm gears provide a high ratio of spee 
reduction within a very small space. They are self locking and ver 
smooth in action. 

b. As shown in figure 92®, the worm gear set combines a screw a 
worm with a worm wheel, having helical cut teeth and mounted on 
shaft at right angles to that of the worm. The worm is general! 
machined (including the cutting of the screw thread) on the lath* 
while the worm wheel blank is turned on the lathe, and the teeth ai 
cut on the milling machine. 

c. The following is an explanation of the symbols and formulas in 
volved in calculating and cutting single and double threaded worm 
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and worm wheels. The various symbols employed are illustrated in 
figure 100. 

(1) The number of teeth (N) in the worm wheel is determined by 
the ratio of the gearing and the center distance desired. 



w w 




LEAD WHEN DOUBLE 
THREADED 



LEAD WHEN 
SINGLE 
THREADED 




FiaUBB 100. — Worm and worm wheel nomenclature. 

(2) The pitch diameter (Z)') of the worm wheel is determined by 
dividing the product of the number of teeth in the gear (N) and the 
circular or axial pitch (/") by 8.1416 (pi). 



NP' 



3.1416 



444660°— 42- 
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(3) The circular pitch for the worm wheel or the axial pitch for 
the worm (P') is determined by dividing the number of teeth (N) 
into the product of 3.1416 (pi) and the pitch diameter (D'). 

p,_ 31416 XD' 
e N 

(4) The lead (L) of the worm or the distance which any one 
thread advances in one revolution is determined by multiplying the 
number of threads in the worm by the circular or axial pitch (P'). 
This number of threads on the worm will be 1 if single threaded and 
2 if double threaded. 

L=P'X (number of threads) 

(5) The worm wheel throat diameter (D) equals the sum of twice 
the addendum (2$) and the quotient of the number of teeth (N) 
divided by the diametral pitch (P). 

N 

(6) The radius of the worm wheel throat (r) may be determined by 
subtracting twice the addendum of the worm wheel (2s) from half the 
outside diameter of the worm. 

outside diameter of worm _ , , 1X 

r= ^ — 28 (worm wheel) 

(7) The outside diameter of the worm wheel blank (B) is not an 
important dimension because of the small land usually allowed on its 
periphery. Approximate measurements may be determined by taking 
the sum of the worm wheel pitch diameter (/>') and three times the 
addendum (3s). 

B=D'+Zs 

(8) The center distances for worm gearing (G) is equal to half the 
sum of the pitch diameters of the worm wheel (/>') and of the 
worm (d'). 

n D' + d' 
6 2~ 

(9) The pitch diameter of the worm (df) may be determined by 
subtracting the pitch diameter of the worm wheel (/?') from twice 
the center distance (2(7). 

df=2C-D'. 
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(10) The gashing angle at which the milling machine table should 
be set for the gashing operation on the worm wheel is the angle whose 
tangent is determined by dividing the lead of the worm (L) by the 
product of 3.1416 (pi) and the pitch diameter of the worm (d')* 

Tangent of Mgb -g^y 

(11) When a worm wheel gashing cutter such as shown in figure 





Figure 101. — Gashing the teeth in a worm wheel, 

101 is not available, an involute spur gear cutter, for a corresponding 
number of teeth and pitch, may be used* If a worm wheel is finished 
by hobbing, as illustrated in figure 102, the hob selected should cor- 
respond to the worm wheel in diameter, pitch, and lead. 

d. The following procedure is given as an example in the calcula- 
tion and cutting of a worm wheel and is illustrated in figures 101 
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and 102. Assume that it is required to mill the teeth in a worm wheel 
which will mesh with a worm having the following dimensions : 

Outside diameter of worm 1. 5 inches 

Pitch diameter of worm 1* 341 inches 

Linear pitch of worm (single thread) 0. 250 inch 

Addendum of worm thread 0. 0795 inch 

Katio desired 40 to 1 

Center distance of shafts 2. 262 inches 

(1) Make the necessary calculations as follows: 
Number of teeth on gear (if) ==40 

Pitch diameter of worm wheel (D f ) = g-s-n ~ = ^o ^rrrl ^ = 

% 3.1416 3.1416 

3.183 inches 
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N 40 

Diametral pitch (P) =jy = g-jgg = 12.566 inches 

Throat diameter (D)=-p+2s= + 0.1590= 3.342 inches 

i -+wz*\ 3.1416XZ>' 3.1416X3.183 nnerk . ■ 
Circular pitch (P ')= = ^ =0.250 inch 

Lead of worm (L)=P / X number of threads in worm = 0.250 X 

1=0.250 inch 
Gashing angle — 

Tangent of angle = 

L 0.250 AAKOQK • U 

3.1416X^ = 3.1416X1.341 = °-° 5935 lnch 
Angle=3°24' 
Number of cutter — 12 pitch No. 3. (Table XI.) 

(2) Fasten the universal index centers to the milling machine table 
and aline if necessary. 

(3) Press the gear blank on a lathe mandrel and mount on the 
index centers. The mandrel is driven by a dog secured to the head- 
stock center. 

(4) Set the universal milling machine table at right angles and 
secure a No. 3, 12-pitch involute gear cutter on the arbor. The cutter 
should be alined centrally as previously described. 

(5) Set the table at the gashing angle of 3°24'. 

(6) Arrange the index head to index 40 teeth. 

(7) With the cutter revolving, raise the milling machine knee un- 
til the gear blank touches the cutter. The graduated dial on the 
vertical feed is then locked and by using this dial as a guide, the 
blank is raised the number of thousandths of an inch needed to cut 
the tooth space. This setting should allow for a small amount of 
material to be removed by means of a hob. After the cut is made 
the vertical feed stop should be locked and the knee lowered to clear 
the work and cutter. The worm wheel is then indexed, and the knee 
raised to the stop to cut another tooth space. This process is re- 
peated until all the teeth are gashed. 

(8) Remove the gashing cutter from the arbor and replace it with 
the proper type hob. After mounting, the hob must be located 
centrally with the gashed worm gear and the longtitude and trans- 
verse feeds locked. 

(9) Set the milling machine swivel table at zero and lock it in this 
position. 

(10) Remove the dog from the mandrel, allowing the worm wheel 
to be rotated freely on the centers by the hob. 
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(11) With the hob revolving, raise the knee slowly until the hob 
begins to cut. After the cut is started, the knee is raised slightly 
with each complete revolution of the worm wheel until the distance 
between the top of the knee and a marked center line on the vertical 
slide equals the center distance of the worm and worm wheel. The 
marked center line on the vertical slide indicates the position of the 
top of the knee when the index centers are at the same height as the 
center of the milling machine spindle. This center distance may be 
measured by using a steel rule at the back of the knee. 

39. Bevel gears. — a. Bevel gears, shown in figure 92®, are used 
to transmit motion through shafts that are not parallel and may be 
designed to meet at any angle. They are often called miter gears 
when their shafts are at right angles and both have the same number 
of teeth. Most bevel gears have the involute form of tooth with either 
a 14y 2 0 or 20° pressure angle; the former being the more commonly 
used. Bevel gears are usually manufactured by a generating process, 
due to the peculiar shape of the tooth; however, when only small 
numbers are to be cut, the milling machine is commonly used in the 
general shop. 

b. The following is an explanation of the symbols and formulas in- 
volved in the calculation and milling of bevel gears whose shafts meet 
at right angles. The various symbols are illustrated in figure 103. 

(1) The pitch cone angle of the pinion (ap) is the angle whose 
tangent is determined by dividing the number of teeth in the pinion 
(Np) by the number of teeth in the gear (Ng). 

Tan ap=^ 

(2) The pitch cone angle of the gear (ag) is the angle whose tan- 
gent is determined by dividing the number of teeth in the gear (Ng) 
by the number of teeth in the pinion (Np). 



= Ng 



Tan ag= Np 

(3) As a check of above calculations for pitch cone angles, the 
results should be added and if their sum equals 90°, the calculations 
may be assumed to be correct. ap+ag=90°. 

(4) The pitch diameter (/?') may be determined by dividing the 
number of teeth (N) by the diametral pitch (P). 

u p 
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(5) The addendum at the large end of the tooth (S) is equal to the 
quotient obtained by dividing the number 1 by the diametral pitch (P). 

.1.0 
P 

(6) The dedendum at the large end of the tooth (JS+ A) may be 
obtained by dividing 1.157 by the diametral pitch. 

(7) The whole depth of tooth space (W) may be determined by 
dividing 2.157 by the diametral pitch {P). 

(8) The thickness of the tooth at the pitch line (T) is equal to 
the quotient obtained by dividing 1.571 by the diametral pitch (P) . 

m L571 



(9) The pitch cone radius (0) may be determined by dividing the 
pitch diameter (D') by twice the sine of the pitch cone angle (<x). 

o- D ' 



2Xsine a 



(10) The width of face (F) is made y s the pitch cone radius for 
gears up to 3 inches in pitch diameter and *4 of the pitch cone radius 
for gears having 3 to 20 inches of pitch diameter. 

w C C 

(11) The addendum at the small end of the tooth (s) may be deter- 
mined by subtracting the width of face (F) from the pitch cone 
radius (C) ; dividing the remainder by the pitch cone radius and 
multiplying this quotient by the major addendum (IS). 

(12) The thickness at the pitch line for the small end of the tooth 
(t) is found by subtracting the width of face (F) from the pitch 
cone radius (C) ; dividing the remainder by the pitch cone radius and 

136 

Original from 

Digitized by V^OOgie UNIVERSITY OF CALIFORNIA 



TM 1-421 

MILLING MACHINES, SHAPERS, AND PLANERS 39 



multiplying the quotient by the thickness of the tooth at the large end 
(T 7 ), measured at the pitch line. 

(13) The addendum angle ($) for either the gear or the pinion is 
the angle whose tangent is determined by dividing the major adden- 
dum (S) by the pitch cone radius (O) . 

Tangent 0=£r 

(14) The face angle (8) is equal to the sum of the pitch cone and 
addendum angles- 5=a+0 

(15) The cutting angle (£) is determined by the Brown and Sharpe 
system in which the clearance at the bottom of the tooth is made uni- 
form instead of tapering toward the vertex. In this system the cut- 
ting angle may be determined by subtracting the addendum angle 
(0) from the pitch cone angle (a). 

t=a-d 

(16) The angular addendum (K) may be determined by multiply- 
ing the major addendum {S) by the cosine of the pitch cone angle (a). 

K=Sx cosine a 

(17) The outside diameter (D) may be determined by adding twice 
the angular addendum (22T) to the pitch diameter (D'). 

D=D' + 2K 

(18) The vertex distance (J) may be determined by multiplying 
one-half the outside diameter (D) by the tangent of the face angle (8). 

J=^X tangent 5 

(19) The vertex distance at the small end of the tooth (j) may be 
found by subtracting the width of face (F) from the pitch cone radius 
[0) ; dividing the remainder by the pitch cone radius and multiply- 
ing this quotient by the major vertex distance (J). 

;=JX-£- 

(20) The number of teeth for which to select the cutter may be 
determined by dividing the number of teeth in the gear (N) by the 
cosine of the pitch cone angle (a). 

N> N 



cosine a 
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(21) The chordal thickness of tooth (T") is used where accurate 
measurement of a gear tooth is desired. The chordal thickness of a 
bevel gear is the same as that of a spur gear having an equal pitch 
and number of teeth. 

(22) The chordal thickness of the small end of the gear tooth (t") 
may be determined by subtracting the width of the face (F) from 
the pitch cone radius (0) ; dividing the remainder by the pitch cone 
radius and multiplying this quotient by the chordal thickness of the 
tooth at the large end (T"). 

C—F 

t" at the small end=7 7 " at the large end X — 

(23) For accurate measurement of a gear, in addition to having the 
chordal thickness of the tooth, the corrected pitch depth (H) must be 
determined. This dimension may be found for a bevel gear by using 
the following formula : 

H=S+ £ X (1-cosinefl) 

cosine a v ^ 7 

Where: 

S= the addendum 

C= the pitch cone radius 

a=the pitch cone angle 

fi= the angle subtended by lines from the apex of the back 
cone intersecting one side and the center of the tooth 
respectively at the pitch line. 
In this formula p is the angle whose sine is found as follows : 

Sine /J=sine^Jy^X cosine a 

Where: 

N= number of teeth 

(24) The corrected pitch depth for the small end of the bevel gear 
tooth (h) may be determined by subtracting the width of the face (F) 
from the pitch cone radius (C) ; dividing the remainder by the pitch 
cone radius and multiplying this quotient by the corrected pitch depth 
of the tooth at the large end ( H) . 

c. In selecting the cutter, the shape of the gear tooth space must be 
taken into consideration, due to the fact that the tooth space at the 
inner end of the tooth is narrower than at the outer end. For this 
reason, the cutter must have a curve that will produce the correct 
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form at the large end of the tooth and yet be of such a thickness that 
it will not cut the tooth space at the small end too wide. Cutters, 
manufactured particularly for cutting bevel gears, are similar in 
appearance and size to those used for cutting spur gears. However, 
due to the tooth space width of the small end, bevel gear cutters are 
made thinner than those used for cutting spur gears. Since the cut- 
ter is selected to give the correct form of tooth at the large end, the 
tooth curve will be too nearly straight at the small end. The general 
practice is to eliminate this condition by filing the small end of the 
tooth to the correct curve, as shown in figure 104. Rules used in the 




T, Thickness of tooth at the pitch line on the large end of the tooth, 
t. Thickness of tooth at the pitch line on the small end of the tooth. 
F. Area to be removed by filing. 

Figure 104. — Diagram of bevel gear tooth. 

selection of cutters for bevel gear teeth may be given as follows: 

(1) There are eight 14^° involute bevel gear cutters (numbering 
from 1 to 8) for each pitch required in cutting bevel gears from a 12- 
tooth pinion to a crown gear. 

(2) The pitch of a bevel gear always refers to the large end of the 
teeth. 

(3) Determination of the number of teeth for which the cutter 
should be selected is accomplished in the following manner: 

(a) Draw a cross sectional view of the bevel gear and pinion to be 
cut, as shown in figure 105, making lines AB and BO at right angles 
and extending them to intersect the center lines of the gears. 

(&) Measure the lengths AB and BO. The distance AB is the 
back cone radius of the gear and may be considered the radius of a 
hypothetical spur gear of the same pitch as the required bevel gear. 
Similarly, the distance BO is the back cone radius of the pinion and 
may be considered the radius of a hypothetical spur gear of the same 
pitch as the required pinion. 
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(e) Double each of the distances (AB and BO) to determine the 
diameters of the hypothetical spur gears referred to above, then mul- 
tiply each product by the diametral pitch to find the number of teeth. 

(d) Select the proper involute cutters for the gear and pinion ac- 
cording to the results obtained in step (c) . 




Figure 105. — Method of selecting a bevel gear tooth cutter. 

■ 

(4) As an example in the above calculation, assume that it is re- 
quired to select the proper cutter for the bevel gear and pinion illus- 
trated in figure 105, and having the following specifications : 

Number of teeth on gear 32 

Number of teeth on pinion 16 

Diametral pitch _ 8 

Back cone radius of gear (by measurement). 
Back cone radius of pinion (by measurement)* 

(a) Calculations for gear cutter — 

Number of teeth in hypothetical spur gb&r=5X2X8 : =80 
Cutter selection (table XI) =No. 2 
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(6) Calculation for pinion cutter — 

Number of teeth in hypothetical spur gear = 1.125 X 2X8=18 
Cutter selection (table XI) = No. 6 
d. As the thickness of the cutter is selected for the width of the 
tooth space at the small end of the tooth, it is necessary to set the cutter 
out of center with the blank, and rotate the blank, as illustrated in fig- 
ure 106, to cut the spaces to the correct width at the large end of the 
tooth. 

(1) The factors given in table XII are used to determine the amount 
of set-over for the work table. To use these offset values, the ratio 
of the pitch cone radius to the length of face must be found. To 
determine this ratio, the pitch cone radius should be divided by the 



ROTATION 



WORK OFFSET 





ROTATION 



WORK OFFSET 



<D Clockwise rotation. ® Counterclockwise rotation. 

Figure 106. — Offset and rotation of work in bevel gear cutting, 

width of the face. The ratio, given in the horizontal scale of the 
table, which most nearly approaches the ratio calculated, is the offset 
factor required. This factor may then be substituted in the follow- 
ing formula to give the correct amount to offset the work table. 

m 1 1 /* To set-over f actor 
Table offset =— — j, 

Where: P = diametral pitch of gear to be cut 

Tc= thickness of cutter, measured at the pitch line 
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Table XII. — Set-over factors for bevel gear cutters 





Ratio of pitch cone radius to length of face 


Number of 


3 


Wa 




3H 


4 


4tf 


4H 


4H 


5 


5M 


6 


7 


8 


cutter 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 




Set-over factor (inches) 


1 


0.254 


0.254 


0.255 


0.256 


0.257 


0.257 


0.257 


0.258 


0.258 


0.259 


a 260 


0.262 


0.264 


2. 


.266 


.268 


.271 


.272 


.273 


.274 


.274 


.275 


.277 


.279 


.280 


.283 


.284 


3_ 


.266 


.268 


.271 


.273 


.275 


.278 


.280 


.282 


.283 


.286 


.287 


.290 


.292 




.275 


.280 


.285 


.287 


.291 


.293 


.296 


.298 


.298 


.302 


.305 


.306 


.311 




.280 


.285 


.290 


.293 


.295 


.296 


.298 


.300 


.302 


.307 


.309 


.313 


.315 




.311 


.318 


.323 


.328 


.330 


.334 


.337 


.340 


.343 


.348 


.352 


.356 


.362 




.280 


.208 


.308 


.316 


.324 


.329 


.334 


.338 


.343 


.350 


.360 


.370 


.376 


8 


.275 


.286 


.296 


.309 


.319 


.331 


.338 


.344 


.352 


.361 


.368 


.380 


• 386 



The thickness, measured at the pitch line, should be determined for 
the cutter being used, due to the slight variations caused by regrinding 
of the cutters. This thickness is measured with the gear tooth 
vernier caliper, having the vertical slide set to measure the cutter at 
the pitch line. The required setting is determined by dividing 1.157 
by the diametral pitch (P). 

Vernier caliper setting = 

(2) As an example of the above calculation, assume that it is re- 
quired to determine the amount of offset required in cutting the bevel 
gear illustrated in figure 105, which has a pitch cone radius of 2.309 
inches, and a face width of 0.770 inches. 

(a) By referring to the cutter calculations previously given, it will 
be found that the cutter selected was a No. 2. 

(b) The ratio of the pitch cone radius to the length of face is : 

2.309 3 
0.770 _ 1 

(o) According to table XII, the factor most nearly corresponding 
to the above ratio is found to be 0.266 inches. 

(d) The thickness at the pitch circle of the No. 2, 8-pitch cutter 
is 0.1644 inch. 

(e) Substituting these values in the formula, the amount of offset 
is found to be 0.048 inch. 

0.1644 inch 0.266 inch „ A>io . , 
2 g =0.048 inch 
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(3) As previously discussed, it is necessary to rotate the gear blank 
when trimming the sides of the teeth. The amount of rotation may 
best be determined by the cut and check method, as outlined below. 

(a) Two adjacent tooth spaces are cut in the gear blank with the 
cutter set centrally. 

(6) The cutter is then set off center the required amount, as cal- 
culated above, by moving the milling machine table transversely, and 
gaging the amount of movement by the graduated dial on the trans- 
verse feed. 



4 
PITCH 




FtGUED 107. — Measuring bevel gear teeth. 

(c) By indexing, the gear should be rotated in an opposite direc- 
tion from that in which the table is moved off center, allowing the 
side of the cutter nearest the center line of the gear to cut the entire 
surface of the approaching side of the tooth. 

(d) The work is then moved away from the cutter, the table offset 
the proper distance on the opposite side of center, and the operations 
of rotating and cutting the tooth repeated. The gear tooth so 
trimmed should be measured at the large end by using the gear tooth 
vernier caliper, shown in figure 95, or a gage such as shown in figure 
107. Corrections may then be made on the basis of the vernier read- 
ing. In making these corrections, it is well to remember that a cutter 
set too much out of center leaves the small end of the tooth too 
thick, and one that is not offset enough leaves the small end too thin. 
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In cutting the teeth, it is better to have a slight variation in depth 
than an incorrect thickness of teeth. I 

e. The following procedure is given as an example in the calcula-^ 
tion and milling of a bevel gear. Assume that it is required to cut 
a 24 tooth gear having a diametral pitch of 5, a pitch cone angle o4 
45° and a shaft angle of 90°. 

(1) Make the necessary calculations as follows : 

N 24 

Pitch diameter (/>') = -^=— =4.8 inches 
Pitch cone angle (a) =45° 
Addendum (S) = ^=^y =0.20 inch 

Angular addendum (K) =#X cosine a =0.20X0.707 =0.1414 
inch 

Outside diameter (D) =D'+ 2K= 4.8 +.283 = 5.083 inches 

48 48 

Pitch cone radius (C) = n - * = n ■ ' ^ =3.3945 inches 

v 7 2 X sine a 2 X .707 

Addendum angle (0) — 

Tangent 0=^= =0.0589 inch 

Angle 0=3°22' 

Face angle (8) = a+0=45° + 3°22'=48 o 22' 

Cutting angle (£)=a-0=45°-3°22'=41°38' 

, , , /D/ , 3.1416 3.1416 = 0.6283 inch 

Circular pitch at large end (Jr ) = — p — = — g — 

Width of face (F) =^=^^=0.848 inch 

Tooth thickness at pitch line on large end (T) 

1.571 1.571 AQ1yf . , 
= p = — g— = 0.314 inch 

q p» 

Tooth thickness at pitch circle on small end (t) =TX q 

= 0.314 X — =0.235 inch 

C—V 

Addendum at small end (s)=JSX q 

a oa w 3.394—0.848 n i KA . , 
= 0.20 X — gg<j| = 0.150 inch. 

Whole depth at large end (W) = ^^=^- =0.431 inch 

Dedendum at large end (S+A)= ^'^ - = =0.231 inch 
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(2) Mount the blank on a tapered shank mandrel and insert the 
mandrel into the universal index head spindle as illustrated in 
figure 108. 

(3) Set the index head to the proper cutting angle, as shown in 
figure 109, and arrange the indexing for the number of teeth to be cut. 

(4) Using a bevel gear depth gage of the proper pitch, as shown 
in figure 110, or a depth of gear tooth micrometer, inscribe a line 
on the blank at the depth to which the large end of the tooth will 
be milled. 

(5) Set the cutter centrally and lock the transverse feed graduated 



(6) Mill one tooth space then, by using the index arrangement, 
revolve the gear blank and cut an adjacent tooth space* 



(7) Using the transverse graduated dial as a guide, set the gear 
Wank off center. The gear is then rotated by means of the index 
^ank and the tooth is checked as previously discussed. 

(8) After the proper adjustments have been made to produce a 
tooth of the desired size, index and mill the remaining tooth spaces. 

(9) Move the work away from the cutter and adjust the machine 
ttd cutter for trimming of the remaining side of the teeth. 

444600°— 42 10 145 
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Figure 108. — Milling tooth spaces in a bevel gear. 
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(10) Remove the blank from the arbor and file the faces of the 
teeth slightly above the pitch line as indicated at points (F) in 
figure 104. 




t 

Figure 109. — Alinement and setting of bevel gear and cutter. 




Figure 110. — Use of the bevel gear tooth depth gage. 
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Section VI 



DESCRIPTION AND MAINTENANCE OF SHAPERS AND 



40. General. — Shapers and planers are used principally for the 
production of flat and angular surfaces. Both of these machines 
are designed to make straight line cuts and the cutting tools used 
in each case are identical with the exception of size. The chief 
difference in application between shapers and planers lies in the 
dimensions of the work that can be accommodated ; the shaper being 
adapted to small and medium size pieces while the planer is suited 
for large production operations. 

a. The shaper (fig. Ill) may be defined as a machine tool, utiliz- 
ing a reciprocating ram for carrying the cutter. With the exception 
of the drawcut shaper, the cutting action of the tool is on the 
forward stroke of the ram, which is delivered at a slower speed than 
the return stroke. The tool marks produced in this way are paral- 
lel and even across the work, giving a surface that may easily be 
scraped or polished to a high finish. The work is held on an ad- 
justable work table, that is caused to move at right angles to the line 
of motion of the ram, allowing the cut to progress across the sur- 
face being machined. The shaper applies less tool pressure against 
the work than the planer or milling machine, making it particularly 
adaptable for the machining of light pieces. The size of a shaper is 
designated by the maximum length of its stroke; thus, a 24-inch 
shaper will machine work up to 24 inches in length. 

b. The planer (fig. 112) is rigidly constructed and is especially 
suited for machining large, heavy work, where long cuts are required. 
The operation of the planer may be considered as being the reverse 
of that of the shaper, inasmuch as the reciprocating motion is pro- 
duced by the work table, while the cutting tool is caused to feed 
at right angles to this motion to allow the cut to advance. As in 
the case of the shaper, the planer cuts only on the forward stroke, 
after which the table is caused to make a quick return to bring the 
work into position for the next cut. The size of a planer is desig- 
nated by the size of the largest work that can be clamped and 
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machined on its table; thus, a 30-inch X 30-inch X 6-foot planer is one 
|^that can accommodate work up to these dimensions. 

(41. Types of shapers. — Shapers may be divided into seven dis- 




1. Base. 

2. Column. 

3. Earn, 

4. Table. 

5. Tilting table. 

6. Vise. 

7. Table bracket. 

8. Cross rail. 

9. Trunnion apron. 

10. Tilting table clamp. 

11. Worm shaft 



12. Table graduations. 23. 

13. Table feed screw. 24. 

14. Cross feed lever. 25. 

15. Cross rail elevating shaft. 26. 

16. Rocker arm shaft. 27. 

17. Rapid traverse lever. 28. 

18. Gear shifter lever. 29. 

19. Speed plate. 30. 

20. Speed change box. 31. 

21. Motor switch. 32. 

22. Stroke dial. 33. 

Figure 111. — Universal crank shaper. 



Feed dial. 

Feed engagement lever. 

Ram clamp handle. 

Ram positioning shaft. 

Swivel. 

Tool slide. 

Clapper. 

Ball crank. 

Clutch lever. 

Oil delivery pipe. 

Guard. 



tinct classes, each of which is described in the following subparagraphs. 
The crank shaper is most generally used, although the various other 
types are particularly adapted for certain operations. 
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a Crank shaper. — Shapers in this class are those in which the 
tool carrier or ram is caused to move by a crank arm connected to a 
driving gear or "bull wheel" by means of a crank pin. This driving 
mechanism is illustrated in the cutaway portion of figure 113. 




\ Table. 

2 Table trip dogs. 
3. Bed. 

I Vee-ways, 

5- Belt shifter lever. 
K Feed cam link. 

Feed rack connecting link. 
I Feed adjusting shaft. 

6 - Hatchet feed. 



10. Driving pulleys, 

11. Return pulley. 

12. Cross feed screw. 

13. Down feed shaft. 

14. Elevating screws. 

15. Return pulley, 

16. Feed rack. 

17. Motor. 

18. Cross rail elevating shaft. 



19. Housings. 

20. Tool slide. 

21. Cross rail. 

22. Clapper box clamping 

nuts. 

23. Clapper box. 

24. Tool holding clamping 

nuts, 

25. Down feed crank. 



Figubb 112. — Double housing planer. 



(1) The crank shaper is manufactured in two types, the plain and 
the universal. Universal shapers have a work table that may be both 
^iveled and tilted, while the plain shaper table can only be moved 
Vertically and horizontally. 
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(2) Where close adjustment of speed and feed is necessary a 
hydraulic control is often used. This feature gives a uniform 
cutting speed and allows a change in the length of stroke without 
altering the speed. 




1. Rocker arm. 

2. Ram positioning shaft. 

3. Ham adjustment screw. 

4. Link. 

5. Ram adjustment nut. 



6. Ram clamp handle. 

7. Crank sear. 

8. Crank gear pinion. 
0. Rocker arm shaft. 



Figure 113. — Shaper drive mechanism. 



&. Geared shaper. — In geared shapers the ram is driven by a series 
of gears that provide both a speed range and a reversing action. The 
drive is accomplished by means of a rack fastened to the under side 
of the ram. As in the case of crank shapers, this machine is available in 
both the plain and universal types. 
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o. Traveling head or transverse shaper. — This type of shaper is 
designed for long work which is beyond the range of the crank 
or gear shapers. The unit consists of a long bed upon which two 
tables are mounted. The ram is attached to a saddle which feeds 
along the bed, at right angles to the motion of the ram, allowing 
the cut to progress across the work. The work tables are adjustable 
in the vertical plane only. 

d. Draw cut shaper. — In this type of shaper, the tool is drawn 
| or pulled through the metal being machined instead of being pushed 
along the cut. This feature allows heavier cuts to be made and 
tends to reduce vibration during the cut. The conventional ram 
is used and the general design of the machine is similar to that 
pi the crank type. 

e. Vertical shaper. — A vertical shaper (fig. 114) is one in which 
the ram moves with a vertical reciprocating motion, the driving 
mechanism being of either the crank or gear type. The work table 
may be revolved, making the machine particularly adaptable for 
Cutting such work as internal gears, etc. 

/. Gear shaq>er. — Gear shapers are used extensively in the air* 
praft and automotive industries for the rapid production of gear 
teeth. Gears are cut in this machine by causing a hardened cutter, 
Lshaped like a pinion gear, to pass across the face of the gear blank 
iby means of a reciprocating ram. 

g. Keyseating sharper or slotter. — This machine is used in pro- 
duction work for cutting internal keyways such as those in gears, 
pulleys, and flywheels. The machine consists of a base which houses 
^the mechanism for imparting a reciprocating motion to a cutter bar. 
tter bars are interchangeable and are furnished in different widths 

sponding to the width of the keyway required. 
42. Types of planers. — Planers may be divided into two general 
classes, the double housing and the open side, each of which is 
described below : 

a. Double housing planer. — In this machine the work table moves 
between two vertical housings to which a cross rail and head are 
secured. The table is driven by either a spur or helical gear, which 
engages a rack attached to its under side. The larger machines are 
usually equipped with two cutting heads mounted to the cross rail 
as well as a side head mounted on each housing. With this set-up, 
it is possible to simultaneously machine both the side and the top 
surfaces of work mounted on the table. 

b. Open side planer. — Planers of the open side type have but a 
single vertical housing, to which the cross rail is attached. The ad- 
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vantage of this design lies in the fact that work may be planec 
that is too wide to pass between the uprights of a double housing 
machine. 

c. Either the double housing or open side planer may be equippec 




1* Bed. 7. Ram hand wheel. 14. Tool block. 

2. Longitudinal hand wheel 8. Ram guide pivot shaft. 15. Tool post. 

feed. 9. Ram guide. 16. Rotary table. 

3. Motor switch. 10. Ram positioning wheel. 17. Rotary table hand wheeL 

4. Clutch lever. 11. Link block binder lever. 18. Carriage slide. 

5. Feed cam. 12. Ram. 19. Cross-feed hand wheel. 

6. Stroke adjusting shaft. 13, Tool block binder lever. 20. Carriage. 

Figure 114. — Vertical shaper. 
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with an electrical, variable speed mechanism to give a wider range 
of speeds and a more sensitive control of the table. 

43. Installation and maintenance of shapers and planers. — 
a. As in the case of milling machines, planers and shapers should 
be well supported by a heavy concrete floor and carefully leveled 
at the time of installation. Attachment should be made with heavy 
lag screws and leveling shims used where necessary, 

SPIRIT LEVEL 




® Longitudinal alinement. 



CD Transverse alinement. 
Figure 115. — Leveling the planer, 

&. After installation, regular leveling checks must be made to insure 
precision work and may be accomplished by means of an accurate 
level. 

(1) In the case of the shaper, the check should be made on the 
ways of the ram as well as the work table. 

(2) When checking the level of a planer, the table, ways and cross 
rail, should be used as points of reference, as illustrated in figure 115. 
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c. The maintenance of these machine tools consists chiefly of the 
cleaning and lubricating of the parts and the making of adjustments 
to compensate for wear. 

(1) Cleaning and lubricating* — Chips are best removed from the 
machine by means of a stiff bristle brush or compressed air, T-slots 
in the work table should be cleaned by means of a T-shaped scraper, 
while excess oil may be removed with a rag moistened with a solvent. 
All moving parts, bearing surfaces, and ways, should be kept lubri- 
cated with a good medium grade of engine oil. 

(2) Adjusting. — In both shapers and planers, extreme care must be 
used to prevent lost motion in the various moving parts. Most sliding 
members are fitted with gibs which may be readily adjusted to com- 
pensate for wear. 

44. Attachments and accessories. — Due to the similarity be- 
tween planer and shaper operations, the attachments and accessories 
are identical for both machines. 




1, Graduated base. 3. Fixed jaw. 5. Vise back piece. 

2. Vise body. 4. Sliding jaw. 6, Vise screws. 

Figure 116. — Swivel chuck or vise. 



a. Attachments. — The vise (fig. 116) is the only standard attachment 
supplied with the shaper or planer. Attachments for special opera- 
tions such as gear cutting, etc., may be obtained from the manufacturer. 

b. Accessories. — The various accessories generally used in shaper and 
planer work may be described as follows : 

154 

rtj-nVI*-* Original from 

Digitized by V^OOgie UNIVERSITY OF CALIFORNIA 



TM 1-421 

MILLING MACHINES, SHAPERS, AND PLANERS 44 



(1) Clamps. — Various types of clamps are used to hold work on the 
work table and are attached by means of bolts to the table T-slots. 
The six standard types of clamps are illustrated in figure 117 while 
figure 54 shows correct and incorrect methods of clamp application. 
Accurately machined step blocks such as shown in figure 53® are 
often used in connection with clamps to facilitate the holding of 
various shaped pieces. 

(2) Jacks. — Jacks (fig. 118) are made in different sizes and are used 
to level and support work. The pointed screw (fig. 118(1)) replaces 
the swivel type screw for use in a corner. Extension bases (fig. 118®, 





® Flat clamp. 



® Finger clamp. 




Qj Gooseneck clamp. 



Right angle clamp. 





U -clamp. 



® Offset U -clamp. 



Figure 117. — Types of clamps. 

®, ®, and ® ) are used for increasing the effective height of the jack. 

(3) Parallels. — (a) Rectangular parallels, such as described in the 
section on milling machines, are used to raise the work to the required 
height when held in the vise or clamped to the table. 

(&) Degree parallels are similar to the rectangular type with the 
exception that one side is planed to a definite angle. These paral- 
lels are used for holding work when machining narrow surfaces to 
a required angle as illustrated in figure 119. 

(4) Hold-down straps. — Hold-down straps or "grippers", of the 
type illustrated in figure 58, are very valuable in the holding of thin 
work in the vise* 

(5) Angle plates. — Both adjustable and nonadjustable angle plates, 
of the type described for milling machines, are used extensively in 
shaper and planer work. 
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® Jack. 




® Conical point screw. 




© ® ® and ® Extension bases* 
Figure 118, — Planer jack, 




DEGREE PARALLELS 




Figubb 119. — Application of degree parallels. 
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(6) Miscellaneous work holding accessories. — Several work holding 
accessories have been developed to prevent slippage of work being 
machined in a planer. Figure 120 illustrates these accessories while 
figure 121 shows both correct and incorrect methods of application. 

(a) The stop pins (fig. 120® an d (§)) are placed in front of work 
to prevent its slippage under the pressure of the cut. 




® Round head screw plug. ® Square head screw plug. ® Toe dogs. 



Fioubb 120. — Work holding accessories. 

(b) The bunter (fig. 120(3)) and the screw plug (fig. 120®) are 
used to prevent work from shifting to the side during the cutting 
operation. 

(<?) The screw plug (fig. 120®) is designed for use in holding work 
against an angle plate. 

(d) The toe dog (fig. 120®) is used in conjunction with screw plugs 
or thrust blocks for holding thin work to the work table. 
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CORRECT 



INCORRECT 




PROTECTING STRIP 

CORRECT 



INCORRECT 



CORRECT INCORRECT 

Figure 121. — Correct and incorrect applications of work holding accessories. 

Section VII 

SPEEDS, FEEDS, AND CUTTING TOOLS FOE SHAPERS 

AND PLANERS 

Paragraph 

General 45 

Types of tools 46 

Tool holders 47 

Cutting speeds 48 

Depth of cut and feed 49 

Cutting lubricants 50 

45. General. — Shaper and planer tools are similar in shape to 
lathe tools, differing mainly in the relief angles. Due to the fad; 
that the tool is held practically square with the work and does not 
feed during the cut, these angles are much less than those required 
for turning operations. The nomenclature used for shaper and 
planer tools is the same as that for lathe tools and the elements of the 
tool, such as the relief and rake angles, are in the same relative 
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positions, as shown in figure 122. Both carbon and high speed steel 
may be used for tools; however, due to the high production speed 
possible with modern machines, carbon steel is becoming obsolete. 

46, Types of tools. — Several types of tools are required for the 
various operations that may be accomplished on the shaper or planer. 
Although, differing considerably as to shape, the same general rules 




Figure 122. — Tool bit nomenclature. 

govern the grinding of each type. As in the case of lathe tools, 
hand forging has been widely used in the past. Tool holders and 
interchangeable tool bits have, however, largely replaced forged tools 
as this practice greatly reduces the amount of tool steel required 
for each tool. 

a. In order that it may cut efficiently, the side and end of the tool 
must be ground so as to give a projecting edge. This is termed side 
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and end relief, and, if insufficient, the tool bit will rub the work, 
causing excessive heat, and producing a rough surface on the work 
Should too much relief be given the tool, the cutting edge will t>« 
weak and tend to break during the cut. Hie end and side reliej 
angles, as shown in figure 122, seldom exceed 3° to 5°. 

b. In addition to the relief angles, the tool bit must slope awaj 
from the cutting edge. This slope is known as a side rake and reduces 




0 Roughing tool. 






0 Down cutting tools (right- 



© Shovel nose tooL 



and left-hand). 




© Side tools (right- and left- 
hand). 



//,$/////;///.. 
© Cutting off tool. 



//////////, ///////s, 
<S> Squaring tooL 




////////Mm//,,. 






© Shear tool. 



• Angle cutting tools (right- 
and left-hand). 

Figu^b 123. — Standard shaper and planer tools. 



//////////ss*//,.. 
® Gooseneck tc 



the power required to force the cutting edge into the work. The side 
rake angle is usually 10° or more, depending upon the type of too] 
and the metal being machined. Houghing tools are given no back 
rake although a small amount is generally required for finishing 
operations. 

c. Shaper and planer tools may be ground for either right- or left- 
hand operation, although the left-hand type is most generally used. 
The terms right and left hand refer to the direction of cut with 
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respect to the operator; the right-hand tools cutting toward the 
operator and the left-hand tools away from the operator. 

d. The shape and use of the various standard tools are illustrated 
in figure 123 and may be outlined as follows : 

(1) Roughing tool (fig. 1230). — This tool is very efficient for 
general shop use and is designed to take extremely heavy cuts in cast 
iron or steel. The roughing tool is generally ground for left-hand 
operation as illustrated ; however, for special applications, the angles 
may be reversed for right-hand cuts. No back rake is given this tool 
although the side rake may be as much as 20° for soft metals. Fin- 
ishing operations on small flat pieces may be performed with the 
roughing tool if a fine feed is used. 

(2) Down cutting tool (fig. 123®). — The down cutting tool may 
be ground and set for either right- or left-hand operation and is used 
for making vertical cuts in a downward direction. The tool is sub- 
stantially the same as the roughing tool described above with the 
exception of its position in the tool holder. 

(3) Shovel nose tool (fig. 123® ). — This tool may be used for down 
cutting in either a right- or left-hand direction. A small amount of 
back rake is required and the cutting edge is made the widest part of 
the tool. The corners are slightly rounded to give them longer life. 

(4) Side tool (fig. 123®). — Both right- and left-hand side tools are 
required for finishing vertical cuts. These tools may also be used for 
cutting or finishing small horizontal shoulders after a vertical cut has 
been made, in order to avoid changing tools. 

(5) Cut-off tool (fig. 123®). — This tool is given relief on both sides 
to allow free cutting action as the depth of the cut is increased. 

(6) Squaring tools (fig. 123®). — This tool is similar to the cut-off 
tool and may be made in any desired width. The squaring tool is used 
chiefly for finishing the bottom and sides of shoulder cuts, keyways, 
and grooves. 

(7) Angle cutting tool (fig. 123®). — The angle cutting tool is 
adapted for finishing operations and is generally used following a 
roughing operation made with the down cutting tool. The tool may 
be ground for either right- or left-hand operation. 

(8) Sheer tool (fig. 123®). — This tool is used to produce a high 
finish on steel and should be operated with a fine feed. The cutting 
edge is ground to form a radius of 3 to 4 inches; twisted to a 20° to 30° 
angle and given a back rake in the form of a small radius. 

(9) Spring or "gooseneck" tool (fig. 123®). — This tool is used for 
finishing cast iron and must be forged so that the cutting edge is behind 
the back side of the tool shank. This feature allows the tool to spring 
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away from the work slightly, reducing the tendency for gouging 01 
chattering. The cutting edge is rounded at the corners and given 
a small amount of back rake. 

47. Tool holders. — Various types of tool holders, made to hold 
interchangeable tool bits, are used to a great extent in planer and 
shaper work. Tool bits are available in different sizes to fit these 
holders and are furnished hardened and cut to standard lengths. The 
tool holders most commonly used are described in the following 
paragraphs : 

a. The straight, right-hand, and left-hand holders (fig. 124) may be 
used for the majority of common planer and shaper operations. 




Figure 124. — Right-hand, straight, and left-hand tool holders. 



b. The swivel head tool holder (fig. 125) is a universal, patented 
holder that may be adjusted to place the tool in various radial positions. 
This feature allows it to be converted into a straight, right-hand, or 
left-hand holder at will. 

c. The spring tool holder (fig. 126) features a rigid U-shaped spring 
which makes the holder capable of absorbing a considerable amount 
of vibration. This holder is particularly valuable for use with formed 
cutters which have a tendency to chatter and "dig" into the work. 

d. The extension tool holder is adapted for cutting internal key- 
ways, splines, etc., on the shaper. As shown in figure 127, the extension 
arm of the holder may be adjusted both for length and radial position 
of the tool, 
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e. The gang tool holder, shown in figure 128®, is only used for 
production work, where a considerable amount of metal is required 





Figurd 125. — Swivel head too! holder. 





Figure 126- — Spring tool holder. 



to be removed* As each tool bit is set successively deeper, multiple 
cuts are made during a single stroke of the machine. Figure 128® 
illustrates this cutting action. 
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48. Cutting speeds. — General. — The number of strokes per min 
ute required to produce the proper cutting speed depends on the cut- 
ting foot speed recommended for metal to be machined and the lengtt 
of the stroke in inches. Approximate cutting speeds are given f oi 




Figure 127. — Extension tool holder* 




© Arrangement of cutting tools. ® Multiple chip produced by its use. 

Figure 128. — Gang tool holder. 



the more common metals in table XIII. Shapers are adjustable for 
various numbers of strokes per minute and this setting is independent 
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of the length of stroke. The required strokes per minute may be 
determined by multiplying the cutting speed by 7 and dividing the 
product by the length of the stroke in inches. Thus : 

AT CSXl 

N= -L- 

Where: 

N= number of strokes per minute 
08= cutting speed (table XIII) 
] L= length of stroke in inches 

The following is an example in the use of the formula: 
Assume that the number of strokes per minute for rough cutting 
a piece of tool steel 12 inches long is to be determined. 



N= 



20X7 140 



= 11 



12 12 

The machine should therefore be adjusted as nearly as possible 
to give 11 strokes per minute. 

Table XIII. — Recommended cutting speeds for various metals 



Material to be machined 





Roughing 


Finishing 


Roughing 


Finishing 


Cast iron 


30 


20 


60 


40 


Mild steel 


25 


40 


50 


80 


Tool steel.. _ — 


20 


30 


40 


60 


Brass and bronze 


75 


100 


150 


200 


Aluminum __ 


75 


100 


150 


200 



Carbon steel tools 



High-speed steel tools 



Cutting speed (feet per minute) 



49. Depth of cut and feed. — The feed and depth of cut of a 
shaper or planer varies considerably with the type of work being 
planed and the type of machine employed. Where considerable 
metal is to be removed, both the feed and depth of cut should be 
held to a maximum, although in order to avoid overcrowding the 
machine, it is well to reduce the feed as the depth of cul is increased. 

50. Cutting lubricants. — Shaper and planer work does not re- 
quire the application of a cutting lubricant to any great extent Its 
use is, however, recommended during the final operations in the 
production of fine finishes. The compounds described in the section 
on TrnjlliTig machines are satisfactory for this purpose. 
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51. Alining the machine. — a. General. — Positive alinement 
must be maintained in both the shaper and planer if the production 
of accurate work is to be accomplished. 

(1) Planers seldom require alinement due to the minimum of ad- 
justable parts involved. Should such a procedure become necessary 
however, the adjustment must be made on the cross rail. A dial 
indicator placed between the cross rail and the table will show any 
variation from the horizontal. 

(2) There are several points requiring alinement on the shaper 
and a check should be made on the accuracy of the machine before 
attempting any operation requiring extreme precision. 

h. Alining the table and tilting table parallel with the ram. — The 
following is a step-by-step procedure for alining the table and tilting 
table, the required set-up for which is shown in figure 129. 

(1) Remove the vise and thoroughly clean the top surface of the 
tilting table. 

(2) Set the table and tilting table to exact zero by means of their 
graduated scales. 

(3) Clamp a dial test indicator in the tool post, setting the con- 
tact point of the indicator approximately *4 6 inch above the tilting 
table. 

(4) Adjust the stroke of the ram to a length y 2 ^ch less than 
the length of the tilting table and position the ram so that the con- 
tact point of the indicator will not run off the tilting table surface 
at either end. 
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(5) Set the machine to operate at its slowest speed. 

(6) Start the machine and allow the ram to complete one stroke 
cycle, stopping it in the middle of the stroke. 




r*. 



Pigubjd 129. — Alining the table and tilting table parallel with the ram. 



(7) Adjust the contact point of the indicator so that it bears 
against the top surface of the tilting table. While adjusting the 
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indicator, the zero marking on the indicator face should be set a 
the top of the dial to facilitate reading the instrument. 

(8) Using the cross feed ratchet lever, move the table to brinj 
the indicator to the opposite side of the tilting table. 




Figure 130. — Setting the tool slide square with the table top. 



(9) Should the indicator show misalinement, make the necessary 
adjustment on the table to bring the indicator back to its zen 
reading. 

(10) Move the ram until the indicator contacts the front end oi 
the tilting table and, if the indicator hand has moved, reset it to zero 
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Continue to move the ram until the indicator contacts the rear end 
of the tilting table and if any variation is indicated, adjust the tilting 
table. 

(11) Take final readings at the four corners of the tilting table, 
as indicated in figure 129, and make any further adjustment neces- 
sary to complete the alinement. 

c. Setting the tool slide square with the table top. — This adjustment 
is only necessary when vertical down cuts are to be taken. The follow- 
ing is the procedure required for making the alinement, the set-up 
for which is shown in figure 130. 

(1) Place a box type parallel on the table so that its sides are 
parallel to the sides of the table. 

(2) Clamp a dial indicator in the tool post and adjust the tool 
slide so that the contact point of the indicator is in line with the 
parallel. 

(3) By means of the cross feed ratchet lever, bring the contact 
point of the indicator to bear against the parallel and set the dial 
to indicate zero. 

(4) Using the tool slide feed screw handle, lower the tool slide to 
its maximum down feed position and note the reading of the indicator 
as the slide is lowered. 

(5) If the reading at the lowest point is equal to that at the highest 
point, the tool slide is square with the table and no adjustment is 
required. However, should a variation exist between the readings, 
it may be corrected by loosening the two bolts that bind the swivel 
to the ram, and making the required adjustment. Should it be de- 
sired to make this alinement without removing the vise, the parallel 
may be placed on the bottom surface of the vise and the above 
procedure followed. 

d. Alining the vise jaws parallel with the ram. — This alinement is 
required before making cuts that are to be parallel to the vise jaws. 
The set-up required is illustrated in figure 131, and the necessary 
procedure is outlined as follows : 

(1) Unlock the vise on its swivel base and set the reference line 
on the vise, to the zero line of the graduated base, clamping it lightly 
in this position. 

(2) Install a dial test indicator in the tool post, as shown in 
figure 131. 

(3) Set the stroke of the ram to a length y 2 inch lees than the 
length of the vise jaw and position it so that the indicator contact 
point will not run off the vise jaw at either end. 

(4) Bring the stationary vise ja^agakist the contact pctijat of 
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the indicator, then move the ram until the point of contact is at the 
rear of the jaw. 

(5) Set the dial to zero and move the ram so that the point of 
the indicator contacts the front of the vise jaw, 

(6) Should the indicator hand remain at the zero position, no 
adjustment is necessary; however, when a variation is indicated, 




Pigukb 131. — Alining the vise jaws parallel with the ram, 

alinement may be made by bumping the vise in the required direction 
with the heel of the hand. 

(7) Tighten the bolts, locking the vise to its base and recheck 
the reading of the indicator at both ends of the jaw. 

e. Alining the vise jaws square with the ram. — This alinement is 
required for all accurate operations where planing is to be done with 
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the pressure of the cut against the vise jaws. The set-up is illus- 
trated in figure 132, and the procedure may be outlined as follows : 

(1) Unlock the vise from its swivel base and swing it until the 
reference mark coincides with the 90° graduation on the base* 
Lightly clamp the vise in this position. 

(2) Mount the dial indicator in the tool post and open the vise 
sufficiently to allow the contact point of the indicator to bear against 
the stationary jaw. 

(3) Position the ram so that the contact point of the indicator 
clears the jaw by y 16 inch. 

(4) By means of the tool slide feed screw handle, adjust the tool 
slide to bring the indicator contact point into position near the face 
of the vise jaw. 

(5) By means of the ram positioning shaft, bring the contact point 
of the indicator to bear against the vise jaw, as illustrated in 
figure 132. 

(6) Position the indicator to one side of the jaw by turning the 
cross feed ratchet lever. 

(7) Using the cross feed lever, move the vise until the point of 
the indicator contacts the opposite side of the vise jaw and note the 
indicator reading. 

(8) When a variation is shown, adjust the vise an amount equal 
to y 2 the error. 

(9) Recheck the setting at each end of the vise jaw and, when the 
jaw is in alinement, lock the vise to the swivel base. 

(10) Make a final check after the vise has been locked in position, 
completing the operation. 

52. Adjusting the length of stroke. — a. General. — The length 
of the shaper or planer stroke should be adjusted to accommodate 
each new work set-up where a change in the working dimensions is 
involved. When too long a stroke is employed, a considerable amount 
of time is wasted during the stroke cycle, whereas too short a stroke 
will, of course, fail to completely machine the surface. 

h. An adjustment of the planer stroke consists simply of shifting 
the trip dogs attached to the side of the machine. This may be done 
by loosening the clamp nuts and sliding the dogs to the required 
positions. 

c. The method of adjusting the length of the shaper stroke depends 

upon the type of shaper being used. 

(1) On the older type shapers, the stroke is adjusted as follows: 
(a) Move the ram to the extreme rear of its travel and loosen the 

stroke adjusting nut. 
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Figure 132. — Alining the vise jaws square with the ram. 



(b) Place the cross feed lever on the stroke adjusting shaft, and 
turn the shaft until the scale mounted on the column indicates the 
desired length of stroke. 

(c) Lock the stroke adjusting nut, completing the adjustment 
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(d) Never attempt to adjust the length of stroke while the ram is 
in motion. 

(2) The more modern types of shapers, such as shown in figure 111, 
are equipped with direct reading indicators for speeds, feeds, and 
lengths of stroke. In this case, the length of stroke is set by turning 
the adjusting shaft or screw until the desired setting has been ob- 
tained, as indicated by a reading on the dial. This dial is placed 
alongside the stroke adjusting shaft and is graduated to read in 
inches of ram travel. The stroke, for shapers equipped in this 
manner, may be adjusted while the ram is in any position. 

d. In either of the above types of machines the stroke should usually 
be set to travel one inch in excess of the length of work. This over- 
travel is to allow the tool to clear the work at each end. 

53. Positioning the stroke. — In the case of the planer, the 
adjustment for stroke length also definitely positions the stroke and 
no additional setting is required. The shaper stroke must, how- 
ever, be positioned as a separate operation. In making this adjust- 
ment, the one inch of overtravel referred to in the preceding 
paragraph is generally divided so that the tool clears the work % inch 
at the rear of the stroke and y s inch at the front. The following pro- 
cedure is given for positioning the stroke and the adjustment should 
only be made while the ram is at rest : 

a. Move the ram to the extreme back of its stroke and loosen 
the ram clamp 25, figure 111. 

b. Place the positioning lever on the ram positioning shaft and 
turn until the tool is in position % inch to the rear of the work. 

c. Tighten the clamp and check the amount of overtravel at the 
front of the work, completing the adjustment. 

54. Setting the clapper box. — a. General. — The clapper box as- 
sembly is composed of a box, block, and hinge. The rectangular box 
is open at each end and on top and is attached to the tool slide by 
means of a stud or screw pivot which allows a swivel adjustment in 
either direction. The block (clapper block) is closely fitted into the 
box and hinged at the top with a pin. The tool post extends through 
a hole in this block to receive the cutting tool. 

! b. When taking side or down feed cuts, the top of the clapper box 
is swiveled away from the surface being cut. This setting is illus- 
trated in figure 133®, ®, and ® and permits the block to hinge 
forward on the return stroke, allowing the tool to clear the surface 
being cut. 

c. Horizontal cuts are taken with the clapper box in the vertical 
position, as shown in figure 1330. 
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55. Holding work, — a. General. — In machining operations on 
the shaper and planer, the proper securing of the work is of utmost 
importance. Due to the variety of jobs that may be done on these 




© Position for horizontal cutting. 




©, ®, and © Positions for down cutting. 



Figure 133. — Positioning the clapper box for various operations. 

machines, many different problems are presented and care must be 
exercised in the selection of the proper set-up for each case. The 
springing of work, during the clamping operation, must be avoided 
if accuracy is to be obtained. In heavy parts, where only a relatively 
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small amount of metal is to be removed, the danger of springing is 
slight; however, in light or irregularly shaped work, it is a factor 
that must be carefully considered. The springing of work may be 
due to two causes, each of which is explained as follows : 

(1) Springing due to excessive clamping pressure or faulty appli- 
cation of the clamping device. — This trouble may be overcome by the 
use of care and good judgment while making the set-up. 

(2) Springing due to the relief of internal strains when the outer 
surface of the metal is removed. — This trouble may be minimized by 
roughing all external surfaces before any finishing cuts are taken. 
When the shape of the work is such that its thickness is many times 
less than its length and width, the work should be left on a level table 
for a considerable period of time between the roughing and finishing 
operations. 

6. Work holding procedure for the shaper or planer is very similar 
to that employed in milling machine practice. Due to the reciprocat- 
ing motion of the cut, stop pins, special clamps, etc., are used as an 
added precaution against slippage. 

56. Planing parallel and square surfaces. — a. In this and fol- 
lowing operations, the term "planing" refers to machining operations 
on either the planer or the shaper. The production of parallel and 
square surfaces is a fundamental planing operation and may best be 
described by means of the following procedure outline for squaring 
the sides and ends of a block : 

(1) Aline the vise jaw parallel with the direction of the stroke. 

(2) Set the block in the vise and plane one of its largest surfaces, 
as shown in figure 134®. 

(3) Loosen the vise and place the surface just planed against the 
stationary vise jaw, as shown in the figure 134(5). After making 
sure that the block is well seated, plane the upper surface. More posi- 
tive seating of the finished surface against the stationary vise jaw 
may be obtained by inserting a rod or strip between the movable 
vise jaw and the work, as shown in the figure. 

(4) Place the surface just planed on parallels or against the bottom 
of the vise so that the first surface planed is against the stationary 
vise jaw as shown in figure 134®. Tap the block solidly in place 
with a hammer made of soft material and plane the upper surface. 
As in the preceding step, a strip or rod may be used between the work 
and the movable vise jaw to assure positive seating. 

(5) Place the first surface planed on parallels or against the bot- 

! torn of the vise, as shown in figure 134® and after clamping and 
; seating the work, plane the remaining side. 
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(6) Square the ends of the block by either of the following methods : 
(a) Short pieces should be set on end, either on the bottom of 
the vise or on suitable parallels, and one of the finished sides set 
perpendicular, by using a square, as shown in figure 135. When 




Figubi 134. — Squaring a block. 



making this setting the work should be clamped lightly and tapped 
into alinement with a soft hammer. A final check should be made 
after the vise is tightened and the upper end finished by taking 
horizontal cuts. The piece may then be reversed in the vise and 
the opposite end planed, after the work is firmly seated by tapping 
with a soft hammer. 

(b) Long pieces should be set lengthwise in the vise with one 
end extending beyond the vise jaws. After seating, the end is squared 
with down feed cuts. 

1. During this operation the work may be placed on parallels 

or set against the bottom of the vise. 
0. While making the down feed cute, it is essential that the 
top of the clapper box be swiveled away from the sur- 
face being cut, to give the tool clearance on the return 
stroke, as shown in figure 133. 
3. The feed and depth of cut should be less than that used 
for horizontal planing as the tool is extended some dis- 
tance away from the tool post, reducing its rigidity. 
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J. Other methods that may be used for planing right angular 
surfaces are described as follows: 




Figubb 185. — Squaring the ends of a block. 



(1) The work may be clamped directly to an angle plate mounted 
on the shaper or planer table. In this case, the face of the angle 
plate takes the place of the stationary vise jaw. After one surface 




Figure 136. — Shoulder cutting. 

of the work has been planed, this surface is clamped to the angle 
plate and the operation repeated on the opposite side, 
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(2) The work may be clamped to the side of the work table. When 
this method is employed, the side of the table is used as the reference 
instead of the vise jaw or angle plate. 

(3) The work may be clamped directly to the top surface of the table, 
so that it extends beyond the table side. In this case, the exposed 
surface is finished by down feed cutting. 

c. When only two opposite sides are to be planed parallel, the work 
is clamped in the vise and one side finished by horizontal planing. 
This finished surface is then placed down on the table, the bottom of 
the vise, or on suitable parallels and held in place by means of hold- 
down straps, toe dogs, or poppets, while the remaining side is ma- 
chined. Figures 54, 58, and 121 illustrate typical set-ups for perform- 
ing this operation. 

* 57. Parting. — The cutting off or parting operation requires that 
the work be rigidly clamped in position as considerable resistance is 
offered by most metals during the process. It is also necessary that 
extreme care be used in grinding and setting the cutting tool. A 
suitable cutting lubricant is recommended when parting steel or 
wrought iron. In the clamping of work in the vise, the surface to 
be parted should be held as close to the vise jaws as possible, to pro- 
vide additional support. The cutting speed used must be considerably 
less than that required for other planing operations, and the overrun 
of the tool should be increased, to allow a greater clearance at the rear 
of the stroke. The cut is made to progress by down feeding with the 
tool slide, and as the depth of the cut increases, the amount of feed 
should be reduced. During the parting operation, the clapper block 
must be raised by hand on the return stroke, to prevent the tool from 
binding in the cut. 

58. Shoulder planing. — When planing to a shoulder, as in the 
cutting of tongues and grooves, the work should first be roughed out 
to within a few thousandths of an inch of the required dimension, 
using the regular round nose tool whenever possible. The surfaces 
of the tongue or groove may then be finished by using the down and 
cross feeds. Special tools must be ground for finishing the corners, 
as shown in figure 136. 

59. Dovetail planing. — The planing of a dovetail is similar to 
the cutting of a tongue or groove as described above. The angular 
surfaces of the dovetail are cut by down feeding with right- and left- 
hand angle cutting tools, as shown in figure 137. 

a. When cutting angular surfaces, the swivel head is set to the 
complement of the angle to be cut. This complementary angle is 
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determined by subtracting the required angle from 90°. Thus : Com- 
plementary angle = 90° — angle to be cut. 

When the swivel head is set over for an angular cut, care must be 




Figube 137. — Dovetail planing. 

used to see that the tool slide will not strike the column as the ram 
moves to its starting position. 

&. Before making the set-up, the outline of the dovetail should be 
laid out on a finished surface of the work and prick punched to pro- 





® Method Heed for keyways extending to ® Method used for keyways terminating in 
end of shaft. shaft. 

Figure 138. — Starting holes for key way planing. 

vide a better outline. The work may then be clamped in the machine 
and roughed out with a roughing tooL Finishing should be accom- 
plished with right- and left-hand angle cutting tools such as illustrated 
in figure 123©. During the planing process the work should not be 
disturbed until all the surfaces have been machined. 
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c. The method of measuring dovetails is described under dove- 
tail milling in section IV. Whenever possible, the mating member 
of the dovetail being cut should be used to test its accuracy, how- 
ever, a test gage cut from sheet metal may be used as a satisfactory 
substitute. 

60. Keyseat and keyway planing. — Keyways and keyseats 
which have been described in the section on' milling machine opera- 
tion, may also be cut on the horizontal and vertical shaper as well 
as the planer. 

a. The tools used for this operation are similar to cut-off tools and 
internal keyways require the use of the extension tool holder, illus- 




Figueb 139. — Key slotting tool. 



trated in figure 127. In all cases of keyseat and keyway planing, 
the feed of the tool should be held to a maximum of 0.010 inch per 
stroke and comparatively slow speeds should be used to eliminate 
springing of the tool. 

b. In the cutting of keyseats and keyways, an accurate lay-out of 
the position and width of slot is required. When planing wide 
keyseats, outside cuts should first be made to the lay-out lines, then 
the metal remaining between these cuts removed as a final operation. 

c. When planing keyways that do not run the full length of the 
shaft, a hole must be drilled at the point where the cut will termi- 
nate. As shown in figure 138®, this hole must be of the same width 
and depth as the keyway. This practice prevents the building up of 
chips in front of the cutting tool and allows the keyway to be made to 
full size throughout its length. 

(1) Where both ends of the slot must terminate in the metal of the 
shaft, holes must be drilled as shown in figure 138®. Two adjacent 
holes are usually made at the starting point and the metal chipped out 
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between them to allow the tool to drop into position at the beginning 
of each stroke. 

The cutting tool required for the above planing operation should be 
ground, as illustrated in figure 139, to eliminate interference. 

(2) Wherever cuts must terminate in the metal, extreme accuracy is 
required in the adjusting and positioning of the stroke to prevent 
breaking the tool. 

d. When planing internal keyways in gears, pulleys, etc., a radial 
line should be inscribed on the hub to assist in the alinement of the 
work. The work may then be set into position on the machine, by 
means of a square, using the inscribed line as a reference. 

When using the horizontal shaper, the work may be held in the 
vise, or clamped to the table or angle plate so that the keyway is at 
the top. The cut may then be made by feeding upward which tends 
to reduce chattering and binding of the tool bit. Before starting 
the cut, the tool should be raised until it just touches the work. In 
this position the graduated dial on the tool slide is locked and used 
as a guide in determining the correct depth of cut. 

61. T-slot planing. — Although most small T-slots are cut on the 
milling machine, the shaper or planer is generally used for those of 
large dimension. 

a. After the required outline has been inscribed, the work is set 
up in the machine and a groove is planed to the desired depth with 
a squaring tool. This groove should be slightly narrower than the 
required width of the T-slot neck. The undercuts of the T-slot 
may then be planed, using right- and left-hand T-slot tools, as illus- 
trated in figure 140. The neck of the T-slot is finished to the required 
width by down cutting as a final operation. 

b. In order to eliminate its dragging in the slot, the tool must 
be given end and side relief. In addition, the cutting edge is made 
the widest part of the tool and the top surface is ground flat. When 
planing a T-slot it is necessary either to block the tool so that it 
cannot lift, or to lift the tool to clear the work on the return stroke. 
This precaution prevents the tendency for the tool to lift against the 
shoulder, marring the surface, and dulling or breaking the cutting 



(1) When the tool is to be lifted out of the slot on the return 
stroke, a tool lifter may be used to eliminate lifting the tool by hand. 
i simple tool lifter, such as shown in figure 141, can be quickly 
made from a strap hinge. 

(2) To block the tool, the tool block or clapper may be locked 
in the clapper box by means of a screw or by using a piece of ma- 
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© T-slot planing tool. 





® Starting the undercut. ® Undercutting, 

Figure 140, — T-slot planing. 




© Cutting stroke. ® Return stroke. 

Figure 141.— Application of tool lifter, . / 
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ferial placed between the back of the tool and the tool slide, as 
illustrated in figure 142. 

c. Undercuts which are similar to T-slots may be cut, using the 
method outlined above. In, this case, the tool can usually be of a 
larger size, allowing heavier cuts to be taken. 

62. Taper planing. — a. Taper planing is the machining of non- 
larallel surfaces and is employed in the production of taper keys, 
pbs, wedges, and other work of a similar nature. Several methods 



BLOCK 




Figure 142. — Blocking clapper box. 

lay be used for holding work for this operation, the use of each 
ebg governed by the shape and size of the piece, as well as the 
amber of pieces to be machined. In general practice, the work is 
rid in the vise or clamped to an angle plate in such a position that 
le inclined surface to be planed is parallel to the table top. 
b. When several pieces are to be machined to the same taper, the 
Siting table or table may be adjusted to the required angle. In this 
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case, the pieces being machined may be mounted flat against th 
inclined surface of the tilting table or table, or held in a vice mounte 
on this surface. The tilting table and table adjustments are gradi 
ated in degrees and it will, therefore, be necessary to convert th 
taper specified for the work to an angular measurement when thi 
method is to be used. The tangent of the required angle may b 
found by determining the taper per inch. This tangent converte 
into degrees determines the tilting table or table setting. To convei 
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Figure 143. — Rack cutting tool. 



the taper per inch to degrees, the angle may be taken directly froi 
a trigonometric table of tangents. 

c. As an example of the above calculation, assume that it is require 
to set the tilting table for a taper of % inch per foot; therefor 
%^ 12=0.0625 (the taper per inch). The angle whose tangent : 
0.0625= 3 °34'44". The tilting table may then be set to the require 
angle by the use of the graduations provided for this purpose. Hi 
accuracy of the setting may be determined by using a dial test ind 
cator mounted in the tool holder. 

63. Back planing. — a. The cutting of rack teeth is general] 
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done by milling as discussed in section V. However, the shaper or 
planer may be used for this purpose when necessary* 

b. The shape of the rack cutting tool should be the same as that 
of the rack tooth, which in turn, is the same as that of a gear tooth 
of like pitch, as shown in figure 143. The following are standard 
proportions for a rack cutting tool : 

(1) The included angle between the sides of the tooth for involute 
gears having a 14%° pressure angle is 29° • 

(2) The whole depth of a full depth tooth (D" + f) equals the linear 
pitch (P') multiplied by 0.6866. 

(3) The tooth width at the pitch line (t) equals one-half the linear 
pitch {P'). 

(4) Before the corners are rounded on the end of the rack tool, 
its width (w) should equal the linear pitch (P') multiplied by 0.31. 

(5) The radii (r) on the corners of the tool equal 0.066 multiplied 
by the pitch. 

(6) When measuring the width of the rack tooth with a vernier 
tooth caliper, the distance from the top of the tooth to the pitch 
line (*) equals the linear pitch multiplied by 0.3183. 

c. (1) When planning rack teeth, each tooth space is indexed a dis- 
tance equal to the linear pitch (P'). This spacing or indexing may be 
accomplished by means of the micrometer dial on the cross feed 
screw. To determine the amount of cross feed movement corre- 
sponding to each mark on the dial, manufacturer's charts may be 
consulted or direct readings taken with a micrometer or dial indi- 

! cator. The tool should be moved continuously in one direction when 
making an adjustment, in order to avoid errors, due to lost motion 
between the screw and feed nut. 

(2) During the planing operation the work may be held in the 
vise or clamped directly to the work table. After the work has 
been mounted and positioned, the tooth space is generally roughed 
out in the form of a plain, rectangular groove with a roughing tool, 
then finished with a tool ground to the size specified above. 

d. The sequence of operations required in the planing of a rack 
may be outlined as follows : 

(1) Clamp the work in the vise or to the table. 

(2) Position a squaring tool which is smaller in width than the 
required tooth space, so that the tool is centered with the first tooth 
space to be cut. 

(3) Set the graduated dial on the cross feed screw to zero, and 
use it as a guide for the spacing of the teeth. 
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(4) Move the tool slide down until the tool just touches the work 
and lock the graduated collar on the tool slide feed screw. 

(5) Feed the tool slide down slightly less than the whole depth 
of the tooth, using the graduated collar as a guide and rough out 
the first tooth space. Start the machine and feed the tool slide down 
slightly less than the whole depth. 

(6) Raise the tool to clear the work and move the cross feed a 
distance equal to the linear pitch of the rack tooth by turning the 
cross feed lever. Rough out the second tooth space and repeat this 
operation until all spaces are roughed out. 

(7) Replace the roughing tool with a tool ground to size, for 
the tooth form desired, and aline the tool with a bevel protractor. 

(8) Adjust the work so that the tool is in proper alinement with 
the first tooth space that has been rough cut. 

(9) Set the graduated dial on the cross feed screw at zero and 
use it as a guide for spacing the teeth. 

(10) Move the tool slide down until the tool just touches the work 
and lock the graduated collar on the tool slide feed screw. 

(11) Feed the tool slide down the whole depth of the tooth, using 
the graduated collar as a guide, and finish the first tooth space. 

(12) Raise the tool to clear the work and move the cross feed a 
distance equal to the linear pitch of the rack tooth by turning the 
cross feed lever. 

(13) Finish the second tooth space, then measure the thickness of 
the tooth with the vernier gear tooth caliper. The tool slide should 
be adjusted to compensate for any variation indicated by this 
measurement. 

(14) Repeat the process of indexing and cutting until all teeth 
have been finished. 

64. Planing irregular surfaces. — Irregular surfaces commonly 
planed are convex and concave radii. Forming tools are efficient 
for finishing narrow irregular surfaces, while wider surfaces are 
usually planed by cutting to an inscribed line. When planing to 
an inscribed line, as illustrated in figure 144, it is good practice to 
rough to within % 6 inch of the line, then with a file, bevel the 
edge to the line. Such a procedure eliminates tearing of the line by 
the breaking of the chip. The vertical hand feed, in conjunction 
with the power table feed, may be used when planing a wide curved 
outline. 

65. Internal planing. — This process may be used in the produc- 
tion of flat or irregular internal surfaces such as cutting the teeth, in 
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an internal gear, or the points of a box wrench. Internal planing 
is best accomplished on the vertical shaper, however, when such a 




Figure 144. — Planing an irregular surface. 



machine is not available, the conventional horizontal shaper or planer 
may be employed, using the extension tool holder. In any case, the 
work is generally held in a vise or clamped directly to the table top. 
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